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Anterior and posterior images taken with the latest of the Pho/Gamma Series 


NEW PHO/GAMMA IV 

Scintillation Camera 

m Improved intrinsic resolving 
capability 
Diagnostic uniformity from 
50keV to 640keV 
Diagnostically valid even 
when peaked off spectrum 
by 10-20%. 
Insensitive to spectra 
peaking 

a Unsurpassed linearity 


= Most versatile imacing 
instrument available 
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For complete specifications, 
write or phone your Searle Radiographics Representative 


Searle Radiographics Inc. 


SEARLE Subsidiary of G. D. Searle & Co. 
2000 Nuclear Drive 
Des Plaines, Illinois G0018 
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is at specifically for preradiographic bowel cleansing — 
without enemas, suppositories, or overhydration. 


. Good-to-excellent visualization is usually obtained 
— with a single, simple cose." No residual oil droplets 
(as is often the case with castor oil) obscure the picture. 


Pleasant taste of X-PREP Liquid meets with high patient 
acceptance.* Simplicity and ease of administration 
are appreciated by the patient at home, by 


the nursing staff at the hospital. 
*References available on request. 


One step-One dose-One bottle 


-PREP Liquid 


(standardized extract of senna fruit 
io prep the bowel for radiography 


Gray Pharmaceutical Co., Affiliate 
The Purdue Frederick Company 
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With our newly 
were closer 


There are lots more Ilford men and women all across the country 
than we've ever had before. And a new group will be joining them soon to 
introduce Ilford to you. These technically skilled X-ray professionals know 
how to help you get the most from your equipment and our materials. 

They're the heart of our major expansion program. A program 
prompted by the fact that Ilford products are showing the greatest growth in 
the industry. 

And before we're through, we plan to have all the capacity, inventory, 
people and new products to not only get well ahead of demand but to 
convince you that Ilford should be your first choice for X-ray products. 

Already, our new manufacturing plant in Brentwood is in operation. 
We've tripled our warehouse facilities in California. And we're doubling 
and fully automating our central warehouse. In addition, all warehouse facil- 
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than ever. 





panded sales force, 





ities are being computer-linked to give us full flexibility to get material 
where it’s needed before it’s needed. 

If you don’t use Ilford yet, keep an eye on us. On our full line of films 
for general radiography. On our new family of cine films. On our intensifying 
screens and chemicals. On our quality control monitor system. And most 
importantly, on the thing that puts them all together for you— The Ilford 
Man, an X-ray professional who knows your department's needs inside out. 

Keep an eye on us because one day soon The Ilford Man will come 
calling. And when he does, he'll have a lot of new and exciting things to 
show you. He always does. Which explains why Ilford products are showing 
the greatest growth in the industry. 

Ilford Inc., a CIBA-GEIGY Company, West 70 Century Road, 


Paramus, New Jersey 07652. 


Thes*Ilford Manisonthe move. 





The Philips Treatment 
Planning System. Part of the 
reason why the modern clinic will 
always come to Philips. 





The Philips Integrated Therapy Programme 
ensures increased efficiency inthe modern radiotherapy 
department by having a common design philosophy, 
similarity of operational procedures, and simplified service. 

; The programme embodies maximum reliability 
and patient safety. It incorporates a long-term plan 
providing the clinic and hospital with essential equipment 
for today and the future. 

A unique feature of this programme is the 
Philips Treatment Planning System: a system which adds 
a new dimension to therapy planning. 


A dedicated Treatment Planning System with 
a difference 


Many hospitals have computer services 
available to them as an aid to treatment planning. In this 
way, the computer has become recognised as a valuable 
aid for the radiotherapist. 


But, in place of a computer with its problems of - 


programming and processing the Treatment Planning 
System is a dedicated system which, in the hands of the 
radiotherapist himself, dramatically cuts down waiting time 
and increases the time available for patient care. 

Treatment plans requiring perhaps an hour or 
more when produced manually, or several minutes by 
computer, can now be completed with greater flexibility 
and accuracy in an even shorter time. 


Easy interactive operation 


The Philips Treatment Planning System 
calculates and displays the dose distribution for treatment 
* planrfing with megavoltage therapy equipment. 

The system is interactive, providing direct 
response to the input data, and working in a mode familiar 
to the radiotherapist. 

Formerly laborious calculations made by highly 
skilled personnel for single and multiple fields, arc, and 
composite techniques can now be effortlessly prepared 

A storage oscilloscope provides immediate 
display including the effect of altering certain parameters. 

Hard-copy treatment plans showing dose 
distribution and treatment parameters take no more than 
a matter of seconds to produce. These copies are of 
legal value. 


Avoiding error 


The system was designed in close co-operation 
with an internationally acknowledged expert on radiation 
treatment planning, and incorporates a new technique for 
ensuring error-free operation. 

The operating procedure is such that every 
setting to be introduced or confirmed by the radiotherapist 
must be made in the correct sequence. 

Controls are clearly and logically arranged in a 
number of integrated control elements. Any functional 
error is indicated on the panel with a number for key 
reference. 


oomething unique and important 





The Treatment Planning System has the 
advantage that the influence of beams in parallel planes 
are taken into account for dose distribution calculations in 
the plane being processed. A unique advantage of the 
Philips Treatment Planning System. 

The Treatment Planning System can store up to 
nine body sections (plane co-ordinates). 


Treatment Planning System: part of the fully 
integrated therapy programme 


The Philips Treatment Planning System 
represents and demonstrates the high degree of 
technological design that is intrinsic to Philips entire 
radiotherapy programme. 

Although the Treatment Planning System is 
entirely compatible with all types of linear accelerators, 
cobalt and betatron units, it has been specifically designed 
to operate within the Philips Integrated Programme for 
maximum safety, efficiency and reliability. 

For the radiotherapy clinic, the programme 
offers an entire range of linear accelerators, cobalt and 
betatron units, with a choice of specialised ancillary 
equipment such as a data print-out and select-and-confirm 
system, a universal localiser/simulator. 

In addition, there is the well-known range of RT 
apparatus for contact, superficial, intermediate and deep 
hard-ray therapy. 





If you would like to know more about the Philips Treatment Planning System 
and the entire Radiotherapy Programme, please write to: 
N.V. Philips, Medical Systems Division, Eindhoven, The Netherlands. or 
Philips Medical Systems Ltd., The M.E.L. Equipment Company Ltd., Manor Royal, Crawley, Sussex, Fngland. 








THE 
SOFT-STEERABLE 
CATHETER 


FOR BRONCHIAL 
BRUSH BIOPSY 














EXCEPTIONAL MANEUVERABILITY of the MEDI-T=CH 
remote control catheter combined with the open lumen 
allows this system to provide safe and rapid catheteriza- 
tion of remote lung segments. With easy, positive 
finger-tip control, the soft-steerable catheter may be 
guided.into desired lung segment either transorally or 
transnasally. 


THE OPEN LUMEN allows dye injection as well as 
passage of special tools such as brushes and baskets 
even when the catheter is being manipulated. And, the 
catheter may be locked in position to prevent slippage 
during special procedures. 


TWO STANDARD BRONCHIAL CATHETERS, a # €.5 
French and a # 13 French (85 cm and 65 cm respec- 
tively) are used for selective brush biopsy and 


Bronchography 
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bronchography. A large .106” lumen in the # 13 French 
catheter allows passage of larger volumes of fluid 
and/or use of larger tools. 


COMPLETE BRONCHIAL CATHETER SYSTEMS include 
all necessary items. Two “kits” (SB-1 and SB-2) ^ 
include: One MEDI-TECH Control Handle (illustrated), ~ 
one Bronchial Catheter, one Catheter Introducer and 
Mouth Shield, ten Nylon Brushes mounted in TEFLON 
tubes (see inset) and one quart of Dionisil solvent. The 
SB-2 kit also includes a life-size, hollow ZAVALA Lung 
Model of the bronchial tree for practicing selective 
catheterization and bronchoscopy. 


Bronchial Brush Biopsy 


AND 


the same MEDI-TECH Control Handle 
may be used with a variety of other 
catheters and accessories for vascu- 
lar, biliary, GI and other procedures 
described in a new MEDI-TECH 
folder. For complete details and 
information on available cine x-ray 
films of MEDI-TECH catheter pro- 
cedures, call, write or return the 
coupon below. 


ANNALS OF THORACIC SURGERY, Vol. 13, No. 6, pp 519-528, June, 1972. 
Thiede, Banaszak; Selective Bronchial Catheterization, NEW ENGLAND 
JOURNAL OF MEDICINE, 286: 526-528, March 9, 1972. 


Norris, Tucker and Woloshin; Bronchoesophagologic Application of Recent 
Advances in Fluoroscopy, ANNALS OF OTOLOGY, RHINOLOGY AND 
LARYNGOLOGY, Vol. 80, No. 4, pp 528-535, August, 1971. 
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MEDI-TECH, INC. 
Division of Cooper Scientific Corporation 
372 Main Street, Watertown, Mass. 02172 


Please send me complete information and prices on the Soft- 
Steerable Bronchial Catheter System. 
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The Mass Film Viewer 


that saves you time 
and money 


This radiologist can do a day’s 

diagnostic film reading in Y3dess 

time than conventional viewing 

by using a Panoramascope, 

capable of displaying 200 

14 x17 radiographs. He can 

retrieve any study he desires 

simply by pushing a button and 

bringing it into view. No film 

shuffling, mounting or 

misplaced Jackets. 

The pantdtiven unt mounted 
on a mobile base with 


additional illuminator for 
film comparisons. 


In minutes, a film clerk can easily 

4 organize, load and index a day’s case load. 
The clear plastic belt containing the 
radiographs is motor-driven in front of 
the illuminator. The roll-fed belt can be 
driven at either of two speeds — fast for 
rapid film recovery and slow for desired 
film positioning. The Panoramascope 1s 
faster, quieter, takes up less space, weighs 
and costs less than one-half as much as 
other units with half the capacity. The 
Panoramascope is available in three 
models, with capacities up to 400 

14 x17 films. 





Give us a call or write RADX, P.O. Box 19164, T a 
Houston, Texas 77024. 713/468-9628. : | á 
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make Special Procedures routine procedures 
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CUTFILM CHANGERS 


BASIC FEATURES: 


e 3 exposures per second 
* Biplane—simultaneous or Tiger me ELS 
alternate exposures ah : hence -— 4 
à -35 film size 14" x 14" for ab- 
20 films capacity . dominal, peripheral, thoracic 
Punch ca rd control . and cerebral angiography, incl. 


magnification technique. 
Stands for various applications L-35 film size 14” x 14” has 
“see-through” capability for ex- 
posure monitoring on TV. 


U-24 film size 24 x 30 cm (abt. 
912" x 1134") fine detail, film- 
saving changer, especially 
suited for cerebral angiography. 
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. Clinac A 


The linear accelerator 


you can trust 


in your next treatment room. 


When Varian introduced the 
Clinac® 4 in 1968, our early 
customers trusted us to provide 
them with a reliable therapy ma- 
chine. Before then, the linacs' 
price and operational complex- 
ity had caused concern among 
many progressive radiothera- 
pists, although they recognized 
its substantial advantages: high 
and constant output, excellent 
beam characteristics and out- 
standing versatility. 


Varian incorporated in the 
Clinac 4 advances to substan- 
tially reduce the complexity of 
the medica] linear accelerator: 
application of a standing wave 
accelerator, use of solid state 
components and modular 
printed circuit board control 
circuitry. 

Trust was Justified 

Despite these advances, it took 
considerable courage for a ther- 
apy institution to decide in favor 
of a linac in 1968 or 1969. 
Twenty-nine institutions had 
that courage. They selected our 
brand new Clinac 4 to become 
their next supervoltage therapy 
machine. Their trust proved 
justified. The Clinac 4 was of 
sound design and worked well. 





In over half of the installations, the 
Clinac 4 is the only supervoltage 
therapy machine. 


Beyond the excellent initial de- 
sign, Varian kept right on devel- 
oping the Clinac 4. Continuing 
engineering effort led to refine- 
ments which usually could be 
made available for retrofit on 
existing equipment. Examples: 
improved pendant control, 
brighter range finder light and 
anew flattening filter. These are 
more reasons why over 150 in- 
stitutions continue to trust us 
and why the Clinac 4 can be 
relied on as the only supervolt- 
age therapy machine in over 
half of these institutions. 


Outstanding Backup 

In addition to its high degree of 
reliability, the Clinac 4 15 backed 
by the world's largest service 
support group of accelerator 
experts. Whether for routine 
preventive maintenance or 
emergency service, Customers 
can trust Varian to respond 
quickly and effectively. 


If you are thinking about a lin- 
ear accelerator for your radio- 
therapy department, find out 
firsthand why the Clinac 4 is the 
preferred supervoltage therapy 
machine. Check with a few users 
in your area. Call or write us 
for their names. 


Varian Radiation Division, 611 
Hansen Way, Palo Alto, CA 
94303. Call 415/493-4000. 
United States offices: Atlanta, 
GA * Chicago, IL * Dallas, TX 
* Detroit, MI * Fort Lauderdale, 
FL * Los Angeles, CA * Phila- 
delphia, PA * Springfield, NJ * 
St. Louis, MO. 

In Europe: Varian A.G., Stein- 
hauserstrasse, 6300 Zug, Switz- 
erland * Varian Associates, Ltd., 
Russell House / Molesey Road, 
Walton-on-Thames, Surrey, 
England * Varian Electronics 
A/S, 58 Ryllingever, 2720 
Vanloese, Denmark. 

In South America: Varian In- 
dustria e Comercio Limatada, 
Av. Dr. Cardoso de Mello 1644, 
V. Olimpia, Sao Paulo, Brazil, 
Caixa Postal 11452. 

In Mexico: Varian S.A., Fco. 
Petrarco 326, Mexico 5, D.F. 
In Australia: Varian Pty. Ltd., 
82 Christie, St. Leonards, 2065 
New South Wales, Australia. 
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Searle puts it all together...with the new 
Micro # Dot Imager. 
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Anew Multi Imager that produces up  * Organ-specific push buttons e Built in view-box saves space as 
to 80 images on a single film. automate, standardize and speed well as steps. 
It’s taken us some time but at last we the proper exposure settings for And what's more, the Micro Dot 
can offer Pho/Gamma users a display routinely perormed studies. Imager's inherent reliability is backed 
system that puts it all together. Gone Simplified Ope ation by a team of factory trained service 
is the expensive and tediously e Light emitting diode (LED) display engineers that perform on-site 
inaccurate pulling of Polaroids. Gone indicates system status and service for your total camera system. 
is the unreliable and complicated exposures available for format There is no longer any need to be 
35 or 70 mm mechanical transport selected as well as exposures concerned about system service 
system. remaining or the individual film. hit abla ee prea Sell 
The mew Micro Dot Imager e Absolute exposure control insures  'Omorrow... Pack it in ine Dox an 
electronically minifies and consistent day to day and week to Mis It Ye it at our factory 
manipulates the images across the week exposure levels on a separate SUPPIETS. 
rol pore Me them on a but built in high resolution, high 
choice of three differen uniformity CAT. 
conventionally sized X-ray films... Economical Operation SEARLE 
handled and processed with ; l : à 
conventional techniques. s iA VER aie cue poe aes SS DEUIOGTAD RCS Inc. 

"WA l ubsidiary of G. D. Searle O. 
manehe Oanig archaea" imager offered. 2000 Nuclear Drive 
E. i e System designed lightweight, low Des Plaines, Illinos 60018 


a l cost cassettes with future daylight 

Clinically Oriented unloading capability. * 

e Choice of either5 x7 0or8x10 
X-ray film sizes as well as the 
competitively available 11 x 14 


film size. 


e Built in whole body imaging with 
choice of each view presented in 
dual intensity on the film to 
facilitate diagnosis or the more 
economical two views with single 
intensity. 


e Highest cine sequential time per 
frame resolution of up to 80 
frames/study. 
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Hysterosalpingogram with Salpix Contrast Medium. 24-hour postinjection x-ray of same patient. 


now you see it now you dont 


With Salpix as your contrast medium, your gynecologic pa- 
tient needn’t undergo the 24-hour postinjection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu- 
ally no irritating radiopaque residue to produce foreign-body 
reactions, yet it provides the viscosity needed for adequate 


visualization. 

Contraindications: Contraindications to hysterosalpingography include the 
presence of severe vaginal or cervical infections, existing or recent pelvic 
infection, marked cervical erosion or endocervicitis, and pregnancy. The pro- 
cedure is contraindicated during the immediate pre- or post-menstrual phase. 
Sensitivity Test: If indicated in the patient's history, an intracutaneous skin test 
or sublingual absorption observation may be done with 0.1 cc Salpix. 

Warning: Not for intravenous use. Q ORTHO PHARMACEUTICAL CORPORATION 1970 


TRADEMARK 


Salpix 


EACH CC CONTAINS 


sodium acetrizoate 0.53 g and 
polyvinylpyrrolidone 0.23 g 


ORTHO PHARMACEUTICAL CORPORATION * RARITAN, NEW JERSEY 08869 
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Dr. and Mrs. Neuhauser, Dr. “aybt, OMBINATIONS of congenital mal- 
Members of the Society for Pediatric Radt- formations, syndromes of structural 
olagy and Guests: I am very happ% and anomalies present at birth, are striking 
honored to give this Annual Lecture decicated phenomena which have attracted the atten- 
to Dr. Neuhauser on a subject of great i2terest tion of observers since early times. In the 
to pediatricians and radiologists in their strict sense any case of multiple congenital 
search for unification and classificatioa in a malformations is a syndrome when several 
field of kaleidoscopic diversity. In the descrip- defects “run together" and each case of 
tien of signs and symptoms of multipe con- this type should be noted and analyzed. It 
genital malformations radiologic findiræs are is clear, however, that the number of com- 
essential for delineation of disease pictures, binations of congenital defects is infinite 
which cannot be fully recognized by external and that not every case deserves recording 
examinations. Caffey* has pointed ot that in the medical literature. Yet, it is difficult 
the Boston Children’s Hospital had the first to decide which combination is important 
roentgen department in America, organized to the general medical public and which 1s’ 
exelusively for the use of infants and chddren, not. To the patient and to the morpholo- 
and that the most common subjects consdered gist, any anatomic sign and symptom is 
there were tuberculosis, osteomyelitis amd con- significant, whether it has general implica- 
genital malformations. For more than 3 tions or not; however, there is some un- 
desades Dr. Neuhauser has upheld the tradi- written consent that only those syndromes 
tion and thanks to his interest in rare and deserve attention and communication in 
unusual manifestations has made mans con- the medical literature that occur repeat- 
tributions to clinical teratology. At the same edly, particularly if they recur in the same 
time he has aroused interest in this sub ect in. family or kindred or in an epidemic or en- 
many of his pupils who practice pediatric demic form. Repeated occurrence results 
roentgenology in this country and atroad. in a need for a name and classification; fur- 


* From The Children's Hospital Research Foundation, Cincinnati, Ohio. 
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thermore it holds a promise for etiologic 
research and preventive measures. 
Although syndromes of congenital mal- 
formations have been seen by pediatricians 
since our specialty began, it has been only 
recently that syndromology has become a 
respectable branch of pediatrics. Some 
years ago our residents had little interest 
in patients with multiple congenital mal- 
formations and classified them as gooks, 
geeks or crockheads. Now this has changed. 
There is interest in syndromes for which 
labels are eagerly sought, but unfortunately 
the labels of today are often not much 
better than those attached by the frivolous 
residents of the past. I have dealt with the 
inconsistencies, difficulties and ironies of 
syridrome terminology elsewhere and should 
like to omit this here except when serious 
consequences require such discussion.?! 
The interest in syndromes is most grati- 
fying and beneficial at a time when speciali- 
zation continues to grow and flourish. Spe- 
clalization, to a great extent, is directed to 
diagnosis and treatment of specific organs: 
the eye, ear, mouth, heart, lung, e/c. Syn- 
dromes of congenital malformations indi- 
cate as a rule that a patient's disorder ex- 
tends beyond a single organ. Knowledge of 
syndromes are educational for organ spe- 
cialists, since it. widens their viewpoint 
beyond the horizons of their specialty. 
Pediatrics as well as roentgenology are not 
“organ-specific” specialties; it is under- 
standable that our branches of medicine 
have long shown interest in syndromes. 
The pediatrician considers the entire child, 
and associations of distant and hetero- 
geneous signs and symptoms cannot escape 
him. If his methods of examination are not 
sufficient, he can. call on other specialists, 
particularly the roentgenologist, who adds 
findings that are not recognizable without 
special diagnostic aids. The situation of the 
pediatric roentgenologist is somewhat dif- 
ferent from that of the clinician at the bed- 
side. He may be asked to look for a fracture 
of the bones of a forearm or leg and de- 
scribe his findings. At the same time he 
may notice osseous changes which suggest 
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to him the possibility of renal or cardiac or 
hematologic disease; or he may notice signs 
of disease in an area not suspected by the 
clinicians. We, all have seen such reports by 
alert roentgenologists who suggest a diag- 
nosis not considered by the clinician. How 
far can the roentgenologist go to substan- 
tiate his suspicion of a syndrome? His 
methods of examination are limited not 
only by costs, but also bv the dangers of 
his method, the roentgen rays. He is handi- 
capped, if an associated anomaly resides 1n 
an organ, such as the eye, the thyroid, the 
brain, whose details and functions are not 
readily revealed by x ravs, although in- 
creasingly technical advances give him ac- 
cess to investigation of soft. tissues previ- 
ously not included in roentgen diagnosis. 
Limitations of diagnostic ability of the 
roentgenologist and the pediatrician point 
to the need for cooperation of these special- 
ists which has been most fruitful in the past 
and must be further developed in the fu- 
ture. This need for cooperation in diagnosis 
can best be illustrated by the existence of 
syndromes, the existence of signs and 
symptoms, which “run together" and are 
not limited to any single organ system. 
Etiology of syndromes should be of great- 
est interest. to all of us. Pediatric roent- 
genology, although chiefly devoted to diag- 
nosis and. therapy, can make important 
contributions to etiologic research. If we 
consider all cases of multiple congenital 
malformations as syndromes, then we must 
distinguish between accidental associations 
and associations with a common cause or 
common root. Thus association of a cata-. 
ract caused by rubella with a hereditary 
lobster claw 1s probably an accidental syn- 
drome, whereas cataract and congenital 
heart disease can have a common root, ' 
namely prenatal rubella. This seems per- 
fectly clear to us when we know the eti- 
ologies of the anomalies, but to the naive 
observer both associations are syndromes 
and in many cases we all are naive observ- 
ers. Our aim must be to distinguish between 
syndromes that are casually and those that 
are causally connected. How can we make 
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such distinctions? One may think thet ac- 
cidental syndromes are irregular and rare, 
whereas significant syndromes with a com- 
mon cause recur often. But this 1s no: cor- 
rect. Thus moles and benign cortical defects 
of bone are rather frequent combinztions 
although they are accidental, whereas the 
association of polydactyly, encepha cele 
anc polycystic kidneys is rare though they 
have a common cause when they are united 
in Meckel's syndrome.?! 

It would be best to speak of syndromes 
only if we have recognized their cause. 
However, we are not that cautious and 
patient and establish syndromes, although 
we do not know their origin. Thus Dewn's 
syndrome (mongolism) was a recognized 
syndrome for almost 100 years’ before its 
dependence on trisomy 21 was discovered.'® 
The “broad thumb" or Rubinstein-~‘aybi 
syndrome” is another example of an entity 
that is accepted, although we do not <now 
its cause. 

If associations of rather rare anomalies 
recur in families, we are inclined to accept 
them as syndromes and attribute them to 
heredity. In fact a few decades ago fanilial 
syndromes were always considered heredi- 
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tary, since no other causes of multiple con- 
genital malformations were known. If the 
syndrome was handed down from one gen- 
eration to another, one considered 1t a dom- 
inant mendelian trait. If normal parents 
had more than one child with a syndrome 
of malformations, one suspected recessive 
mendelian inheritance. Such explanations 
were and still are given rather glibly and 
genetic counsel based on them is happily 
dispensed by newcomers in this field. I am 
more hesitant and less efficient as a genetic 
counselor, since I do not believe that repe- 
tition of syndromes always has such simple 
explanations. I shall cite some examples to 
illustrate that familial recurrence can have 
various and greatly heterogeneous causes. 
Several years ago we saw an infant with the 
rare median facial cleft syndrome This 
striking disease picture (Fig. 177) is char- 
acterized by marked ocular hypertelorism, 
broad nasal root, cleft nose and lip and 
cranium bifidum occultum? The anomaly 
had been observed years ago in sisters;? it 
could be thought to be a recessive heredi- 
tary trait. If the parents of such a child 
would have asked about the danger of re- 
currence, one would have had to say 1t 1s 
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me in half-sisters. (Reproduced with permission 


of the aithors® and Teratology.) 
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25 per cent. Now let us assume that the 
parents would consider divorce after such a 
catastrophe and ask for counsel. It wculd 
seem that with different mates the risk of 
recurrence should be near zero, since it is 


- most unlikely that either parent would en- 


counter a new spouse who is a carrier of the 
same rare gene. But the mother of this child 
with median facial cleft syndrome, a young 
and phenotypically normal woman, had 
another girl with another husband and the 
second girl (Fig. 12) had the same syn- 
drome (further complicated by polydac- 
tyly). This was not a recessive trait. We can 
only speculate how this mother transmitted 
this rare syndrome to 2 daughters and we 
don't know how we could have predicted 
repetition in this case. À comparable situa- 
tion was reported by Horne!* in a couple 
that had 3 anencephalic children in con- 
secutive pregnancies. The woman had a 
fourth anencephalic child after artificial 
insemination from a donor who had several 
normal children with other mates. Neither 
recessive inheritance nor empirical risk 
figures apply in such a situation. There are 
reports of recurrences in half-sibs with con- 
genital malformations transmitted not only 
by mothers, but also by fathers with differ- 
ent spouses. 

Thus phenotypically normal parents can 
have more than one child affected by a 
syndrome due to unknown mechanisms 
which are revealed sometimes in half-sibs. 
However, such uncommon mechanisms zan 
also be at work in full-sibs; the assumption 

„Of recessive inheritance may be wrong in 
such cases too, and genetic counsel could 
be based on an incorrect assumption. Ob- 
servation and recording of unusual and un- 
explained situations are more important 
than emphasis on our present knowledge 
which is not too profound along these lines. 

Various unknown causes may remain un- 
explored bv assigning syndromes to simple 
or complex hereditary factors. I remember 
the time when a respected geneticist denied 
that advanced age of the mother at the 
time of conception had any significance in 
the etiology of mongolism and asserted that 
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the defect ts "inherited." Based on theo- 
retical calculations 1t seemed reasonable to 
assume that the disorder is due "to the 
simultaneous presence in the germ cell of 
five pairs of. recessive factors or two domi- 
nant and four pairs of recessive factors, car- 
ried in as many different chromosomes," 
or it was thought that a dominant factor 
with greatly reduced penetrance would be a 
valid explanation.” These examples show 
that one must not force unexplained phe- 
nomena into available concepts to provide 
hasty answers for which we are not ready. 
Erroneous ideas about Down’s syndrome 
were not limited to geneticists. In 1958, one 
year before the discovery of trisomy 21,}8 
I counted 40 theories concerning the origin 
of the enigmatic syndrome.? However, it 
should be pointed out that there were 3 
physicians, an ophthalmologist” and two 
pediatricians,!:!° who advanced the correct 
hypothesis of an extra chromosome in all 
the cells of patients with mongolism, at a 
time when the number of chromosomes in 
man was still uncertain. 

The ability to visualize human chromo- 
somes, to count them, and to distinguish 
them? became of signal importance to syn- 
dromology. Excess of chromosomal mate- 
rial, deficiencies and structural anomalies 
were found to be responsible for many syn- 
dromes. The more recent knowledge of 
banding chromosomes will further add to 
our knowledge of etiologies of multiple con- 
genita] malformations. Unpredictable ad- 
vances in the laboratory may reveal causes 
not recognizable today. 

The possibility of environmental or exoge- 
nous factors must always be kept in mind. 
Endemics and epidemics may help in the 
discovery of causes. 

Figure 24 shows a syndrome character- 
ized by mental retardation, deafness and 
dwarfism with abnormal x-ray findings of 
the skeleton*? (Fig. 2B.) This disease pic- 
ture has been often seen in 2 or more sib- 
lings, children of parents free of the signs 
mentioned. A diagram of the pedigree may 
suggest recessive inheritance, but the dis- 
order is not a genetic trait;? it 1s due to 
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Fic. 2. (4) Dwarfed, deaf and goitrous sisters with endemic cretinism with their father who shows normal 








size. (B) Pelvis with hip joints of a 31 year old goitrous, endemic cretin. Coxa vara and subluxation of 
femoral head are seen. (Reproduced with permission of the authors? and Springer-Verlag, Berlin, 1936.) 


iodine deficiency and the mother's ab- 
normal thyroid. Such siblings are endemic 
cretins and victims of their environment. 
The syndrome is preventable by a simple 
dietary adjustment of future mothers. 
Although none of you may have en- 
countered an endemic cretin, it may be 
worthwhile to say a few words about this 
syndrome which was so prevalent in past 
centuries that in certain regions of the 
world at least one-half of the mentally re- 
tarded were handicapped by this condition. 
Mental retardation was equated with cre- 
tinism in the nineteenth century in many 
parts of Europe.’ Since the endemic as a 
rule existed in remote mountainous regions 
where inbreeding and parental consanguin- 
ity prevalled, recessive inheritance was 
considered an etiologic factor by some 
authors. Fortunately, an association be- 
tween endemic cretinism and endemic 
goiter of the parents and particularly the 
mothers was early recognized. When it was 
learned that endemic goiters could be pre- 
vented by dietary changes such as addition 
of iodine to salt, endemic goiter began to 
disappear and endemic cretinism went with 
it. However, it took more than a hundred 
years to transform the correct idea into ef- 
fective prophylaxis. It was a fortunate co- 
incidence that the responsible gland, the 
thyroid, was visible on the mother’s neck; 


if a gland concealed in her body had medi- 
ated the disease, it could have taken much 
longer to recognize its etiologic role, and 
proof that endemic cretinism is not a re- 
cessively inherited trait might have been 
delaved. 

There remains the question of why en- 
demic goiter and cretinism and iodine defi- 
ciency are limited to certain locations on 
the earth. It seems that these locations cor- 
respond to areas covered by ice during the 
last (quaternary) glacial period. When the 
glaciers receded and these huge areas were 
freed from ice the eroded soil was deprived 
of iodine by the melting waters which car- 
ried iodine and other halogens into the 
oceans.!:1819 Those who settled in the 
iodine-poor valleys were afflicted by a de- 
ficiency disease in the presence of ample 
food. Thus the syndrome of endemic cre- 
tinism can be attributed to cosmic events 
that occurred millennia ago. I thought it 
worthwhile to discuss this fascinating and 
vanishing problem because it illustrates 
that damaging environmental factors can 
be much more remote than the much dis- 
cussed exposures to drugs or rays during 
pregnancy; it shows that it may take many 
decades to unravel an environmental web 
of circumstances despite an endemic occur- 
rence of a syndrome. 

Epidemic appearance of syndromes also 
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can aid in recognition of their causes. The 
prenatal rubella syndrome was established 
because of the simultaneous occurrence of 
many cases of congenital cataract following 
an epidemic of rubella in Australia during 
World War II.? Subsequently other infec- 
tious diseases such as toxoplasmosis and 
cytomegalic inclusion disease were also 
shown to be teratogenic. 

The ground for these discoveries had 
been prepared by experimental teratology 
which shows that almost any malformation 
known in man can be produced in animals 
by treatment of the pregnant female by 
radiation, nutritional deficiencies, hypoxia, 
toxic substances, hormones, drugs or other 
chemicals. Many experimental procedures 
result in syndromes of congenital malfor- 
mations of the skeleton, of soft tissues or 
of both. 

If a procedure is teratogenic in animals, 
there is great temptation to attribute simi- 
lar malformations in man to the same 
cause. This of course, should not be done. 
Some experimental teratogenic conditions 
may never occur in man and an experiment 
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may never be simulated by human condi- 
tions. In spite of their limitations such ex- 
periments are valuable and interesting, 
particularly if the patterns of syndromes 
produced resemble those of man. Let me 
illustrate this by two examples. One of the 
first dietary teratogenic experiments was 
effected in rats by riboflavin deficiency. 
This deficiency results in a skeletal dis- 
order of great regularity.?*?? In addition to 
cleft palate and mandibular hypoplasia, 
there occur a distal phocomelia and syn- 
dactylism with a definite pattern. Proximal 
bones are little affected, but those of the 
forearms and lower legs are shortened: The 
preaxial bones (radius and tibia) are always 
more abnormal than the postaxial, (ulna 
and fibula) (Fig. 3, 4-E). This syndrome 
can be reproduced at will and, like syn- 
dromes in man, it shows variable expres- 
sivity: Some animals are more affected than 
others. To my knowledge there is no exam- 
ple of riboflavin deficiency of women that 
results in malformations of children which 
resemble the syndrome produced in rats. 
It is probably just a coincidence that an 
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Fic. 3. Cleared specimens of newborn rats. (,7) Control. (B-E) Offspring of mothers that were fed a riboflavin 
deficient diet before and during pregnancy.?*?" The abnormal young show a pattern of skeletal malforma- 
tions expressed in varying degrees. (B) Slight shortening of mandible and tibia. Two ribs are fused. (C) 
Marked reduction in size of tibia and some reduction of fibula. (D) Marked reduction of corpus mandibulae. 
Radius and tibia are not seen. Fusion and irregularities of 5 ribs. (E) Marked reduction of corpus mandibu- 
lae, ulna and fibula. Radius and fibula are not seen. Irregularities of ribs as in D. Note that the proximal 
long bones are little affected. Some of the absent bones are shown in histologic sections as irregular car- 


tilaginous structures. 
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entirely different environmental in-erfer- 
ence with embryonic development cat sed— 
20 years after this experimental d2mon- 
stration—a somewhat similar pattern of 
limb anomalies in man: Many of the chil- 
dren exposed to thalidomide in early em- 
bryonic life showed distal phocomelia with 
the tibia and fibula more involvec than 
their postaxial correspondents. The exis- 
tence of experimental mammalian teratol- 
ogy helped in the quick recognition of the 
thalidomide syndrome as an embrycpathy 
of environmental causation. 

Another example shows a direct re ation- 
ship of experimental malformation: to a 
human syndrome. Folic acid deficien-y was 
thoroughly investigated as a teratozen in 
rats bv the late Marjorie Nelson aad her 
co-workers.”° Dietary folic acid defrziency 
does not cause congenital malformations, 
since the deficiency can be compensated bv 
folic acid production of the intestina flora; 
but folic acid antagonists can induce a de- 
fielency in man which is embryoto»xac and 
teratogenic. Thus it was early reccznized 
that aminopterin is a powerful abortive and 
it was used as such in illegal and thera- 
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peutic abortions. It was employed rather 
successfully bv Thiersch? to achieve abor- 
tion in tuberculous women. However, when 
it failed in some cases, the attempt was 
followed by surgical removal of the em- 
brvos and in some of these exencephaly, 
hydrocephaly and cleft palate were noted. 
In a case reported by us? the drug failed 
to produce abortion. The pregnancy con- 
tinued and toward the end of gestation 
roentgenograms of the fetus taken în utero 
failed to show bones of the calvarium. 
Anencephaly was suspected, but when the 
child was born—42 weeks after concep- 
tion—the brain was well developed and 
covered by skin but the cranial bones were 
not ossified. In addition to this induced 
cranial dysostosis, the infant had a most 
unusual facial appearance (Fig. 4, 4 and 
B), posterior palate cleft and club feet. She 
died 24 hours after birth, but there are a 
few children on record who survived at- 
tempts to abort them by aminopterin and 
they have a rather characteristic appear- 
ance.*: There exists a folic acid deficiency 
syndrome, a syndrome induced by a chemi- 
cal. Theoretically this syndrome as well as 
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Fic. 4. Newborn child exposed to aminopter n in early gestation.?? (4) Roentgenogram of skull showing lack 
of ossification of cranial membrane bcnes. (B) Deformed head and ears. Marked micrognathia. 
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e 
the thalidomide embryopathy could recur 
in families if exposure to the drug were 
repeated. 

Thus we have learned that genes, chro- 
mosomes and environmental factors can 
bring about multiple malformations and 
syndromes. And it seems likely that often 
combinations of these heterogeneous fac- 
tors are responsible for the disastrous re- 
sults encountered by us. Under certain 
relatively rare conditions, svndromes can 
recur in families. To consider onlv one 
strand of the causative web in such cases 
and to attribute the anomalies to a single 
damaging factor is not alwavs advisable. 
Unitary explanations and tubular vision 
usually are characteristic of newcomers in 
the field of congenital malformations. 

The roentgenologist is at a disadvantage 
in etiologic investigations because he is not 
often in direct contact with the patient and 
his family. He sees the results, but generally 
he is removed from etiologic information. 
He has advantages too; because of his cen- 
tral position so many cases are channeled 
through radiology departments that he sees 
more of them and of the anomalies than 
other pediatricians. He may notice differ- 
ences and new dimensions of malformations 
that seem uniform and equal to the bedside 
observer. He may recognize connections 
and similarities which escape external in- 
spection. 

There is now much hope—and seemingly 
too much hope—for prevention of congeni- 

tal malformations by genetic counseling. 
Genetic counseling is an application of etio- 
logic classification and knowledge. The role 
of the pediatric roentgenologist in this en- 
deavor cannot be overrated or overempha- 
sized. Genetic or parental counseling is not 
possible without a firm diagnosis. This may 
sound like a truism, but it should be real- 
ized that in the field of congenital malfor- 
mations advice is often requested and given 
for disorders that are insufficiently diag- 
nosed and understood. To illustrate the 
importance of roentgenology one can cite 
the chondrodystrophies and osseous dys- 
trophies which had long been classified by 
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clinicians and pathologists. With the help 
of x rays they have been reclassified and 
recognized as many heterogeneous entities 
which often differ in etiology. Whereas in 
the past pathologists reigned supreme and 
dominated the field, now roentgenologists 
often have the final say in diagnosis and 
indirectly in genetic counseling. Conse- 
quently they carry also great responsibili- 
ties, since family planning may depend on 
their findings. It may be good to avoid 
dogmatic statements beyond description of 
the changes actually seen in the roentgeno- 
grams. X rays do not reveal the chemical 
anomalies of the tissues, the family his- 
tories nor the clinical observations which 
must be considered in the classification of a 
case and in the advice given to the parents. 
The roentgenologist’s view and point of 
view is important, but itis not the only one. 
It is clear that roentgenology can make its 
best contributions to syndromology by co- 
operation with other observers and that 
those who establish good communication 
and cooperation with other specialists are 
likely to contribute most to the solutions of 
the problems faced by all of us. 


SUMMARY 


Syndromes of congenital malformations 
are interesting and challenging phenomena 
which deserve observation, description and 
treatment of the children and adults who 
are afflicted by these multiple birth defects. 
However, the highest level of syndrome re- 
search is etiologic research, because knowl- 
edge of the causes of multiple congenital | 

malformations promises prevention. Al- 
though naming svndromes and classifica- 
tions are important auxiliary activities, they 
must not be our final goal. The infinite 
number of combinations of congenital de- 
fects suggests that terminology and classi- 
fication should be tentative and flexible and 
that rigidity be avoided. The same holds 
for statements of causation. I tried to make 
it clear that we are far from a full under- 
standing of all the principles involved in 
the etiology of malformations. Many un- 
expected discoveries along these lines have 
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been made during my lifetime and many of 
those who pretended to have the final 
answers were shown to be wrong. it was 
particularly distressing to see legislation 
based on insufficient knowledge whch re- 
sulted in sterilization and even death of 
handicapped persons.? There has been 
progress and fortunately there has bean rec- 
ognition of our ignorance. However there 
is still too much happiness abou’, and 
promotion of, genetic counseling which 1s 
often inadequate and not based or solid 
knowledge. I refer to the enthusicsm of 
newcomers who believe that etiologies of 
congenital malformations and syncromes 
are always clear-cut, easily identifiable and 
applicable to all cases with similar signs 
and symptoms. Experienced medical genet- 
icists will agree with my caution, since they 
are fully aware of the gaps in our knowledge 
of the causes of congenital malformations. 

My attitude is by no means pess mistic 
or nihilistic. Attention should be paid to 
all details that surround the origin of syn- 
dromes and prevention should becorae pos- 
sible by recognition and eliminaton of 
causative factors. The senior memoers of 
this Society will remember diseases which 
have been wiped out because their causes 
were recognized and removed. Similar 
methods can be applied to preven-ion of 
multiple congenital malformations. In the 
meantime our guidelines should be -ollect- 
ing of facts and delay of conclusiens. In 
medicine no disease problem is solved 
until the disorder disappears and becomes 
history. 


The Children’s Hospital Research Foundaton 
Elland Avenue and Bethesda 
Cincinnati, Ohio 45229 
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TAKAYASU'S ARTERITIS* 


AN ANGIOGRAPHIC STUDY WITH REMARKS ON ETHNIC 
DISTRIBUTION IN ISRAEL 


By VICTOR DEUTSCH, M.D., LEWIS WEXLER, M.D.,t and HELGA DEUTSCH 


TEL-AVIV, ISRAEL 


AKAYASU’s arteritis is a diffuse non- 

specific arteritis of unknown etiology 
usually affecting young women. It may 1n- 
volve the aorta as well as any of the larger 
elastic arteries, including the pulmonary 
arteries, and may progress to stenosis, 
occlusion, or aneurysmal dilatation of the 
atected vessels. Symptoms are protean 
and may precede clinical manifestations of 
vascular involvement. The first reported 
cases were apparently seen in the XIX cen- 
tury,21935 Twentieth century interest was 
stimulated by a Tokyo ophthalmologist, 
Migito Takayasu, who described a case of 
advanced chronic ischemic retinopathy in a 
young woman before the Twelfth Congress 
of the Japanese Ophthalmological Society 
in 1908.2" Although Takayasu himself did 
not mention any additional vascular abnor- 
malities, in the discussion that followed 
Takayasu’s report, 2 other ophthalmolo- 
gists, Onishi and Kagoshima,” described 
their patients, who had similar ocular find- 
ings together with absence of the radial 
pulse. In the following years the disease 
was recognized as a clinical entity and 
became known under the name of Taka- 
vasu’s disease,? pulseless disease” and later 
as aortitis svyndrome.?" Thereafter, as the 
disease was appreciated in other countries, 
it was described under a large number of 
eponyms or descriptive names excellently 
traced by Gotsman eż a/.? 

Although initial reports stressed that 
this is a disease of the aortic arch, subse- 
cuent reports of involvement of the abdom- 
inal aorta and pulmonary arteries sug- 
gested a more generalized process. The 
amilaritv in the histopathologic findings 


from those cases of aortitis affecting the 
thoracic aorta, particularly the arch and its 
branches, and the aortitis which causes 
coarctation and aneurysms of the lower 
thoracic and abdominal aorta and its 
branches led to the unifying concept that 
these conditions are various manifestations 
of the same disease.!'? The aortic arch and 
brachiocephalic form seem more common 
in Japan, while the abdominal form 1s more 
prevalent in Africa.9?-15 

The distribution of case reports of Taka- 
yasu’s arteritis may only reflect the clinical 
interests and enlightenment of the report- 
ing physicians. Nevertheless, until the mid- 
fifties and even into the sixties, the vast 
majoritv of cases were reported from Orien- 
tal countries: Japan, Singapore, Korea, 
China, India, Malavsia and the Philippines, 
or from the "coloured" and Bantu peoples 
of South Africa, P7: 9:11,13,17—19,21,22,28,33,40, 44, 51 
In contrast, the disease was uncommon 
among the white population of South 
Africa.? Large series reported from the 
United States and European countries are 
relatively infrequent?-9:15.20,29.31,335 and when 
the ethnic origins of the patients from the 
United States are stated, it appears to 
affect the Black, Oriental, and Spanish 
(Mexican, Puerto Rican, Central or South 
American) groups to a greater extent than 
those of Northern European origin.! 5:20.29.30 

In reviewing the angiograms and the 
clinical files of 22 cases of Takayasu's arte- 
ritis investigated in the last 12 years at the 
Chaim Sheba Medical Center in Israel, we 
found an unexpected distribution among 
the various ethnic groups comprising the 
Israeli  population— observations | which 


* From the Department of Radiology, The Chaim Sheba Medical Center, Tel-Aviv University Sackler School of Medicine, Tel-Aviv, 
Israel, and the Stanford University Medical School, Stanford, California. 
1 Associate Professor, Stanford University School cf Medicine (on sabbatical leave), Stanford, California. 
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may contribute to an understanding of the 
geographic incidence of the disease and the 
variations in its anatomic distribution. 


ETHNIC BACKGROUND 


In order to clarify the ethnic origins of 
the various groups forming the contem- 
porary Jewish community of Israel, a short 
historic background is necessary,16:36.87.5 
Jewish history in the lands comprising the 
present State of Israel dates to about 1200 
B.C. From that historic time there were 3 
major migrations which eventually led to 
the formation of large Jewish communities 
in the Diaspora, outside the land of Israel. 

The first of these migrations, known as 
the Babylonian captivity, took place in 
£86 B.C. Seventy years later, a large group 
of these exiled Jews were allowed to return 
to the Holy Land, but the rest remained 
and eventually spread to nearby lands. 
The present Iraqi, Kurdish and Persian 
Jews are, to a large extent, descendants of 
this original community of exiled Baby- 
lonian Jews. 

The second migration from ancient Israel 
occurred during the period following the 
conquests of Alexander the Great. The 
spread of Greek culture induced large 
groups of Jews to settle in North Africa, 
Syria, the Balkans and Asia Minor, where 
their descendants have continued to live 
until the present time. 

The third large migration took place dur- 
ing the Roman period when Jews emigrated 
primarily to Spain and Germany. The 2 
groups, for the most part, remained quite 
separate, establishing different traditions 
and customs. The descendants of these 
original German Jews populated Eastern 
Europe and are known as Ashkenazim 
from the Hebrew word for Germany. The 
Ashkenazim form the majority of the pres- 
ent day Jewish communities of North and 
South America, England and South Africa. 
The Spanish Jews, called Sepharadim from 
the Hebrew word for Spain, were largely 
expelled from Spain in 1492 at the time of 
the Inquisition. The majority settled in 
what was then the Turkish Empire. Their 
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descendants can be found in the Jewish 
communities of Greece, Turkey, Bul. 
garia and other Mediterranean countries, 
as well as in North Africa, where they 
mingled with Jews who had arrived earlier. 
Today the differences between the Ash- 
kenazim and Sepharadim include not only 
tradition, language and ritual, but also 
physical appearance, suggesting that inter- 
marriage and conversion have contributed 
to these ethnic characteristics. 

Small relatively isolated Jewish com- 
munities also existed in Yemen, Ethiopia 
and India. The Yemenite Jews are believed 
to have originally settled in Yemen during 
the period of the Second Temple before the 
Roman Era. According to Arab writers 
many indigenous tribes of Yemen em- 
braced Judaism prior to the spread of 
Islam. The descendants of both groups 
have lived in Yemen, at the southern tip of 
the Arabian desert, continuously since that 
time. 

The Ethiopian Jews, or Falashas, are be- 
lived to be descendants of Jews who lived in 
Ethiopia from ancient times and inter- 
married with local proselytes whom they 
introduced to the Jewish religion. Others 
are inclined to the theory that they origi- 
nated entirely from local tribes which had 
been converted to Judaism. 

The origin and dates of the arrival of 
Jews into India is controversial. According 
to their own tradition, they are descendants 
from one of the Ten Lost Tribes of Israel. 
Some of them are known to have arrived as 
refugees from Spain, while others emi. 
grated from Iraq and Yemen. However, a 
dark skinned group, known as the Black 
Jews of India, at least partly has.to be con- 
sidered as offsprings of converted local 
inhabitants. 

The contemporary Jewish community of 
Israel is composed of approximately equal 
numbers of Ashkenazim and Sepharadim, 
ç per cent Yemenite and less than o.5 per 
cent Ethiopian and Indian Jews. 


MATERIAL AND METHOD 


Twenty-two patients with Takayasu’s 


arteritis were investigated in the Division 
of Cardiovascular Radiology of the Chaim 
Sheba Medical Center during the period 
from 1965 to 1973. The medical center con- 
tains one of the largest hospitals (1,100 
beds) in Israel and serves as a referral cen- 
ter for all parts of the country. The patient 
population is almost half Ashkenazim and 
half non-Ashkenazim, corresponding ap- 
proximately to the proportions of these 
groups in the country as a whole.” 

The age, sex and ethnic origin of the 
patients are summarized in Table 1. All 
patients were under the age of 40 years, 
except for 2, in whom the diagnosis was 
proven at autopsy. Three other patients 
also had postmortem confirmation of dif- 
fuse arteritis of the Takayasu type. Other- 
wise, the diagnosis of Takayasu's arteritis 
wzs based mainly on the results of angio- 
graphic studies supported by the clinical 
and laboratory findings. There were 12 
females and 10 males, a ratio which does 


TABLE I 


ETHNIC DISTRIBUTION OF CASES 


Origin* 








Case No Age Sex 
I 18 l India 
2 i3 Q India 
3 12 Q India 
4 22 M India 
c 40 M Beduin 
6 40 M Beduin 
7 23 Q Beduin 
8 27 | Beduin 
9 40 M Beduin 
10 40 M Arab 
11 2 I: Arab 
12 16 M Arab 
I? 27 M Arab 
14 42 | Bulgaria 
1S 30 | Iran 
16 26 M Ethiopia 
17 45 M Greece 
18 36 | Iraq 
19 2 M Yemen 
20 26 D Syria 
21 21 I: Tunisia 
22 38 I: Turkey 





* All patients, except 5-13, were Jewish. See text for discussion 
of ethnic background. 
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not conform to the 8:1 female-to-male 
ratio usually stated for this disease. Nine 
of the 22 patients were Arab or Beduin, 
while the remainder were Jewish. None of 
the 13 Jewish patients were Ashkenazim. 

Laboratory tests included complete blood 
cell count, erythrocyte sedimentation rate, 
serum protein electrophoresis, Wasser- 
mann serologic test for syphilis, antinuclear 
factor, and tuberculin skin test. Plain chest 
and abdominal roentgenograms were ob- 
tained in all 22 cases. Aortography of the 
entire aorta and its major branches was 
performed in 18 cases, thoracic and abdom- 
inal aortography in 3, and abdominal aor- 
tography alone in 1. In addition, the periph- 
eral arteries of the lower and/or upper ex- 
tremities were visualized in 13 cases. Pul- 
monary angiography was performed in § 
cases. Repeat aortography was obtained in 
6 cases at intervals from 2 to 5 years. Addi- 
tionally, 1 patient had repeat examina- 
tions at 2 and § years. Aortography was 
performed by the percutaneous method 
through the femoral artery in 17 cases, by 
the axillary route in 4, and by direct lum- 
bar aortography 1n I. 


RESULTS 
A. CLINICAL AND LABORATORY EXAMINATIONS 


The clinical and laboratory findings in 
our 22 patients, in general, corresponded to 
those described in the literature. Constitu- 
tional symptoms found during the early 
acute stage of the illness were present in 3 
cases in the form of fever or night sweats. 
Other symptoms were referable to the 
areas of vascular involvement. Twenty- 
five per cent exhibited cerebral signs or 
symptoms including cerebral hemorrhage, 
epileptic attacks, syncope, vertigo and 
visual disturbances. Absence or weakness 
of peripheral pulses were present in 72 per 
cent of cases and hypertension in 54 per 
cent. Aortic insufficiency, pericarditis and 
abdominal angina were present in I patient 
each. Seven patients suffered from left 
heart failure. 

Laboratory investigations disclosed ele- 
vated erythrocyte sedimentation rate (ESR) 
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in 13 of Ig patients studied. Leukocytosis 
greater than 10,000 per mm.’ was present 
in 6 of 18 patients. A positive tuberculin 
test was found in 4 of Io patients. The 
Wassermann test was negative in all 8 
patients in whom it was performed, and the 


antinuclear factor was negative in 4 out of 


§ patients. 


B. PLAIN FILM CHEST ROENTGENOGRAPHY 


The plain film chest roentgenograms 
showed mild to moderate dilatation of the 
thoracic aorta and cardiomegalv in half of 
the patients. Localized aneurvsmal dilata- 
tion of the thoracic aorta was noted in 3 pa- 
tients (Fig. 1.7). In 1 of them a thin baci: 

calcification was present in P wall of a 
tubular aneurysm (Fig. 2, Æ and B). Rib 
notching was not observed. Narrowing of 
the pulmonary vessels in one of ENS upper 
lung fields (Fig. 24) was evident in 2 cases. 
Tuberculous lesions of the lung or Prin 
were not observed. In 1 case with apparent 

cardiomegaly on plain film roentgenogram, 
pericardial disease was diagnosed bv angi- 
ography and confirmed at operation. 


C. PLAIN FILM ABDOMINAL ROENTGENOGRAPHY 


The plain film abdominal roentgeno- 
grams did not show calcification of the 
abdominal aortic wall in any case. Signifi- 
cant differences in the size of the kidnevs 
were observed in 4 cases with hyperten- 
sion, while bilaterally small kidnevs were 
seen in another 3. These findings were due 
to renal artery stenosis or occlusion. 


D. ANGIOGRAPHY 


The aortographic abnormalities were 
variable and often bizarre in appearance. 
Various forms of narrowing, occlusion, 
dilatation or a combination of these were 
observed. In this series, generally, stenotic 
lesions were more common than dilatation 
or aneurysm formation. This may be re- 
lated to regional or ethnic differences in the 
way the disease is manifested or to the 
stage of pathologic development at the 
time of presentation. Stenotic lesions may 
progress to occlusion and relatively un- 
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involved segments may become ancurys- 

mal. This latter point is well demonstrated 
by one of our patients who was investigated 
3 times during a period of 5 years (Fig. 
3; ie D), 

. Heart and Aortic Arch. In the ascend- 
ing aorta mild to moderate dilatation was 
encountered in 7 patients and marked dila- 
tation in I. Aortic insufficiency was dem- 
onstrated in only 1 patient. The coronary 
arteries could be evaluated from the thora- 
cic aortograms in § patients and no patho- 
logic changes were detected. One patient 
had an effusive constrictive pericarditis. 

Although the disease may involve all of 
the brachiocephalic vessels, in our material 
the subclavian arteries were the most com- 
monly involved (Fig. 5; 6; and 7). Patho- 
logic changes were observed in the sub- 
clavian arteries of 11 patients: 7 of them 
bilateral, while the other 4 had involve- 
ment only of the left. These lesions were 
obstructive in all cases except I in whom 
aneurysms were present. Complete occlu- 
sion or stenosis occurred just beyond the 
thyrocervical trunk in most cases (Fig. 6, 
A-C). In 3 patients the occlusion or steno- 
sis involved the proximal left subclavian 
artery, but even then, the most proximal 
2-3 cm. of the subclavian artery was 
patent (Fig. 7B). In 2 cases (Fig. 6, 4 and 
D) the common carotid arteries were 
markedly stenosed and the vertebral ar- 
teries hypertrophic. Three patients had 
axillary artery involvement, in each case on 
the right side (Fig. 74). 

Descending Thoracic Aorta. A lesion 
of the thoracic aorta was encountered in 11 
of 21 patients in whom this segment of the 
aorta was visualized. The lesion was stenot- 
ic in 4 (Fig. 8) and aneurysmatic in 7 (Fig. 
1; 2; and 5). It should be stressed that all 4 
patients originating from India had aneu- 
rysmal changes of the thoracic aorta. 

Abdominal Aorta. The abdominal 
aorta was involved in 14 cases (Fig. 3; 4; 
and g). Stenotic or obstructive lesions were 
present in g and aneurysms in the rest. The 
aneurysmal lesions varied in shape and 
size, were either diffuse or localized (Fig. 
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Fic. 1. Case 21. (4) Roentgenogram of the chest, overpenetrated frontal view. Dilatation of the thoracic 
aorta, apparently extending to T-10. (B. Abdominal aortogram. Aneurysmal dilatation of the thoracie 
aorta (arrow) tapering to a more normal diameter, then dilating again below the renal axis. There is a 
gradual tapering of the lower aneurysmal segment into a normal distal aorta. (C and D) Frontal and nght 
posterior oblique (RPO) views of thoracic aortograms. The entire thoracic aorta is aneurysmal with char- 
acteristic kinking of the lower thoracic segment (arrows). Note the smooth luminal surface and only slight 


thickening of the aortic wall. 


3; and 5), saccular or fusiform. Multiple 
aneurysms in the same case were also ob- 
served. Complete occlusion of the zbdom- 
inal aorta occurred at all levels, from above 
the origin of the celiac trunk to below the 
inferior mesenteric artery (Fig. 4; and 9). 
It is remarkable that 3 out of 5 Beduin 


patients and 3 out of 4 Arab patients had 
stenosis or complete occlusion of the ab- 
dominal aorta. 

4. Visceral Branches of the Abdominal 
Aorta. The celiac artery was occluded at its 
origin in 3 patients (Fig. 10) and stenosed 
in another 3. Complete occlusion of the 
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Fic. 2. Case 2. (4 and B) Frontal and lateral chest roentgenograms. A calcified aneurysm is visible in the 
upper descending aorta (arrows). (C) Pulmonary angiogram. There is diminished flow to the left upper 
lobe and narrowing of the proximal portions of the segmental pulmonary arteries to the right upper lobe. 
(D) Thoracic aortogram. There is a saccular aneurysm of the upper thoracic aorta with irregular walls. 
The proximal portion of the left subclavian artery is narrowed. (Æ) Later phase of thoracic aortogram, 
intentionally underpenetrated to show the pulmonary vessels. Large bronchial arteries communicate 
with the pulmonary arteries and supply the left upper lobe. (F) Still later a large pulmonary vein (arrow) 
draining the left upper lobe indicates that this lobe receives its primary supply via bronchial arteries. 
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Fic. 3. 


Case 19. (4 and B) Frontal and lateral views of initial abdominal aortogram. There are irregular 


aneurysmal changes in the abdominal aorta. The superior mesenteric artery is also aneurysmal, seen best 
in the lateral view (arrow). (C) Two years later, the aneurysmal changes in the abdominal aorta are more 
prominent. A long segment of the superior mesenteric artery has become narrowed (arrow); but the more 
distal segment is still dilated. (D) Five years after initial study. The upper segment aortic aneurysm is still 
present. A stenosis has developed below the renal arteries and a large aneurysm has appeared below this 
narrow segment. The superior mesenteric artery is now totally occluded. Collateral supply from the in- 


ferior mesenteric artery is visible. 


superior mesenteric artery was present in 4 
and stenosis in 2 (Fig. 8). In 1 of the cases 
with occlusion (Fig. 3) the superior mesen- 
teric artery initially showed aneurysmal 
dilatations, but on later examination it was 
completely occluded. In all 4 cases with 
occlusion of the superior mesenteric artery, 
stenosis or occlusion was also present in 
the celiac artery. 

The inferior mesenteric artery was oc- 
cluded in 4 patients (Fig. 9). In all cases 
with visceral artery involvement promi- 
nent collateral vessels compensated ‘or the 
circulation either from the inferior mesen- 
teric to the superior mesenteric and celiac 


arteries or from the superior to the inferior 
mesenteric artery. 

Two of the cases with visceral artery 
involvement were exceptions: I showed 
localized aneurysmal dilatation of the main 
hepatic artery (Fig. 8), and the other steno- 
sis of the main hepatic artery (Fig. 10). 

5. Renal Arteries. Renal artery stenosis 
or occlusion was present in 13 patients 
(Fig. 3; 4; 8; and g). There was bilateral 
involvement in all except 3. Among the 
cases with bilateral lesions, unilateral com- 
plete occlusion was present in 4. Renal 
artery stenosis manifested itself as a short 
segmental constriction of the ostium, with 
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Injection into thoracic aorta. 
There is total interruption from above the origin of the celiac artery to above the renal arteries. The entire 
distal aorta, renal and inferior mesenteric arteries fill via intercostal collaterals. The celiac and superior 
mesenteric arteries are filled in turn, cia collaterals from the inferior mesenteric artery. 


or without poststenotic dilatation, or as an the cases with complete occlusion of the 
elongated narrowing throughout the entire distal aorta, the proximal segment of the 
length of the main renal artery. common iliac arteries was also occluded. 

6. Iliac and Lower Extremity Arteries. In However, the distal segments of the com- 





Fic. 5. Case 4. (4) Thoracic aortogram, RPO view. Aneurysm of the innominate artery (right arrow) and the 
thoracic aorta just distal to the left subclavian origin (left arrow). Smooth luminal surfaces with tapering 
margins of the aneurysms are noteworthy. (B) Thoraco-abdominal aortogram, frontal view. There are 
localized aneurysms of the lower thoracic and mid abdominal aorta (arrows) with intervening skip areas 
free of disease. 
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Fic. 6. Case 7. (4) Selective innominate art-riogram. There is diffuse narrowing of the right common carotid 
artery and hypertrophy of the right verteEral artery. The right subclavian artery is totally occluded beyond 
origin of the vertebral artery (arrow). (B. Left subclavian arteriogram. The left vertebral artery 1s hyper- 
trophied. The subclavian artery is totall- occluded distal to origin of the internal mammary artery. Seg- 
mented narrowing of the mammary artery (arrow) was an unusual finding. (C) Case 15. Bilateral sub- 
clavian artery occlusion distal to origins cf vertebral arteries (arrows). (D) Case 1. There is stenosis of the 
right common carotid artery (arrow) and diffuse narrowing of the left common carotid artery with marked 


hypertrophy of both vertebral arteries and cervical branches of the thyrocervical trunks. 


mon iliac, the external iliac and the hypo- 


gastric arteries were patent ind were 
visualized via collaterals. In 2 cases in 


whom the inferior mesenteric artery was 
not involved, it served as the maia path- 
way for collateral circulation to tae iliac 
arteries and the arteries of the distal ex- 
tremities. The arteries of the lower 2xtrem- 
ity were partially or completely vi-ualized 
in 7 cases. In all of the cases the main ar- 
teries of the lower extremity were free of 
etheromatous changes or occlusior. 


—— 


~ 


€ > 
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7. Pulmonary and Bronchial Arteries. 
Pulmonary angiography was performed in 
5 patients (Fig. 2; and 11). Two patients 
had areas of abnormal perfusion suspected 
from the plain film chest roentgenogram 
and confirmed by angiography. The other 3 
were selected for study at random, and in 
2 of them unsuspected segmental occlu- 
sions of the pulmonary arteries were pres- 
ent. In all the cases with segmental lesions 
the bronchial arteries of the corresponding 
segment were hypertrophied and were vis- 
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Fic. 7. (4) Case 20. Stenotic lesion of the right axillary artery (arrow) with prominent collateral vessels. 
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Distal lesions were only seen in the right axillary artery. (B) Case 8. Proximal “flame-shaped” stenosis of 
left subclavian artery (arrow). Lesions proximal to the origin of the vertebral artery tend to occur on the 


left side only. 


ualized either in the levophase of the pul- 
monary angiogram or during aortography. 
In 2. other cases prominent bronchial ar- 
terles were present, but pulmonary angiog- 
raphy was not performed. 


E. POSTMORTEM sTUDIES 


Seven of the 22 patients expired and 
postmortem studies were available in 5. 
Macroscopically, a good correlation was 
found between the angiographic studies 
And the necropsy findings. Histologic ex- 
amination revealed signs of panarteritis 
with lymphocytic infiltration of the adven- 
titia, disruption of the muscular and elastic 
tissue of the media, and thickening of the 
intima with superimposed thrombi. 


DISCUSSION 


In the present series the diagnosis of 
Takayasu's arteritis was based primarily 
on the angiographic findings of involve- 
ment of the thoracic or abdominal aorta 
and their major branches. Cases with le- 


sions of the smaller vessels or with periph- 
eral arterial involvement were excluded. 
According to some reports Takayasu's 
arteritis may rarely affect the femoral 
arteries, but we felt that without histo- 
logic proof of arteritis in these patients, 
atherosclerosis was a more likely etiology. 
Consequently, we performed peripheral 
arteriography in 13 of the cases, even in the 
absence of symptoms referable to the legs, 
to demonstrate normal femoral arteries. 
For the same reason, we only included pa- 
tients under the age of 40 years at the time 
of initial study, except for 2 patients in 
whom a definite diagnosis was established 
at autopsy. 

Since the diagnosis may be suspected 
from the deformation and irregularities of 
the aorta seen on plain film chest roent- 
genograms, patients with characteristic 
presenting symptoms or signs should re- 
ceive careful roentgenologic attention. The 
diagnosis is established, however, on the 
basis of the angiographic studies which 
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Fic. 8. Case 14. Abdominal aortograms, frontal and lateral view. (4) Long stenotic lesion of thoraco-abdomi- 
nal aorta (horizontal arrow) gradually tapering to approximately half its original diameter, localized 
aneurysm of mid abdominal aorta (vertical arrow), and total occlusion of the superior mesenteric artery 
with prominent collateral supply from the inferior mesenteric artery (white arrow) were demonstrated. 
(B) Lateral view shows character of stenotic segment (arrow) of thoracic aorta. Also visible is a shallow 
aneurysm below the celiac artery, aneurysmal dilatation of the hepatic artery, and total occlusion of the 
superior mesenteric artery. 


should include the entire aorta and prox- 
imal peripheral arteries. 

We believe that the incidence of pulmo- 
nary artery involvement has been under- 
estimated in the past. Four out of 5 
patients that we studied had segmental 
stenosis or occlusions. In 2 patients abnor- 
mal perfusion was suspected on the chest 
roentgenograms, but pulmonary angiog- 
raphy was performed in the others even 
though there were no symptoms or suspi- 
cious findings on the chest roentgenograms. 
All of the occluded segments received ample 
collateral supply from the corresponding 
bronchial artery. Other authors have de- 
scribed perfuse collateral supply from 
intercostal arteries. We did not observe 
this in our small series. We believe that 
the presence of pulmonary artery lesions 
supports the diagnosis of Takayasu's arte- 
ritis in those cases where differentiation 


between arteritis and atherosclerosis is dif- 
ficult. 

Although Takayasu’s arteritis is usually 
said to be a disease of young women, we 
found almost an equal incidence of affected 
men. Female predominance is especially 
noteworthy in the reports from the Far 
East, but this sex incidence is a lesser fea- 
ture in the reports from Africa and North-* 
ern European countries.!??* However, the 
1.2:1, female-to-male ratio which we ob- 
served is unusual. 

In most geographic areas the brachio- 
cephalic vessels and the aortic arch are 
found to be the most frequently in- 
volved.3:4:2021:24 Aortitis of the ascending 
aorta with dilatation of the aortic ring, 
aortic insufficiency and obliteration of the 
coronary arteries is not rare in Japan, 
South Africa and Thailand.?/4:50651 In cer. 
tain countries, however, such as India, the 
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Fic. 9. Abdominal aortograms in 4 different patients. (4) Case 5. Occlusion of aorta (arrow) at level of renal 
arteries. The origin of the right renal artery is stenotic; the left renal artery is occluded. The intercostal and 
superior mesenteric arteries serve as collaterals and are markedly hypertrophied. (B) Case 6. Occlusion of 
aorta (arrow) at level of renal arteries. The right renal artery is totally occluded; the left renal artery is 
stenotic at its origin. Collateral circulation to distal aortic branches is v/a hypertrophied superior mesenteric 
and intercostal arteries. (C) Case 9. Total occlusion of aorta (arrow) just below origin of renal arteries. 
Shallow aneurysms of the upper aortic segment. Slight stenosis at origin of the right renal artery. (D) 
Case 17. Total occlusion of distal aorta just below the origin of the inferior mesenteric artery (arrow). 
The markedly enlarged inferior mesenteric artery serves as the main collateral route to the lower extremi- 
ties via connections between its sigmoid and rectal branches and the hypogastric arteries. 


descending thoracic aorta 1s the most com- 
monly involved and the ascending aorta 
and coronary arteries are free of disease.? 
Involvement of the abdominal aorta, par- 
ticularly its upper and mid segment is 


reported with varying frequency.” In 
contrast, however, reports from Mid and 
West African countries state that the distal 
aorta is the most frequently diseased seg- 
ment.!?3$ 


Vor. 122, No. 1 

Geographic variation is also observed in 
the type of lesions found. In Europe, Japan 
and the U.S., vascular stenoses or ccclu- 
sions are common and aneurysms ra-e, in 
contrast to India, Thailand and Africa, 
where aneurysms are a prominent feature 
of the disease.!?? In this regard it is of 
interest that all 4 Indian patients in our 
series had aneurysms of the thoracic corta, 
while only 3 other patients had similar 
aneurysms. Occlusion or stenosis of the 
abdominal aorta was a predominan- fea- 
ture in 3 of 5 Beduins from the Sinai 
peninsula and 3 out of 4 Arabs from ‘saza, 
again suggesting that ethnic origin may be 
a factor influencing the pattern of regional 
involvement. The only part of the world 
from which reports of distal aortic involve- 
ment are common is Africa? and it is 
likely that an African influence is to be 
found among the Arabs and particularly 
the Sinai Beduins. 

The ethnic distribution of the patients in 
our series is of great interest (Table 1). It 
seems more than coincidental that none of 
our patients were Jews of Ashkenazi ori- 
gin. The average population at the Chaim 
Sheba Medical Center is approximately half 
Ashkenazi and half Sephardi, which corre- 
sponds to the general division of the popu- 


= 
(a 


es 
ou Qn 


v 
* 


Fie. 11. Case 1. (4) Pulmonary angiogram. Arrows indicate area of diminished flow. (B) Late phase of aorto- 
gram. The area that is poorly perfused on pulmonary arteriogram has compensatory bronchial artery flow 
which communicates with the pulmonary artery branches (arrow). 
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Fic. 10. Case 10. Selective superior mesenteric 
arteriogram. The celiac artery is occluded at its 
origin and fills via pancreatico-duodenal arcade. 
Note aneurysmatic dilatation of the proximal and 
stenosis of the distal part of the hepatic artery. 


lation in Israel." Very small numbers origi- 
nate from India or Ethiopia. Therefore, the 
fact that 4 patients in our small series were 
born in India would support the view that 
the disease is more common among Indian 
born patients than among the other ethnic 
groups. In addition, the fact that among 
the 13 Jewish subjects all were of Sephardic 
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origin without a single Ashkenazi suggests 
that the ethnic-genetic factor may be more 
important than the environmental. In this 
regard it should also be noted that 3 of the 
Sephardic patients came from Turkey, 
Bulgaria and Greece, where the environ- 
mental conditions are similar to those of 
Western Europe. The prevalence of Taka- 
yasu's arteritis among Sephardic Jews in 
Israel and its low incidence among Ash- 
kenazim was also found by our colleagues 
in Haifa? This is in direct contrast with 
thromboangiitis obliterans!2 which has the 
opposite distribution among the Israeli 
population. It should be emphasized that 
the observed ethnic distribution emerged 
in retrospect, after the cases of Takayasu's 
disease were collected. 

As described earlier, the Jews living in 
Spain and North Africa have a close rela- 
tionship to each other and there is little 
doubt that they were under the genetic 
influence of the North African population 
through intermarriage. Further confirma- 
tion of a possible genetic factor is found in 
the reports from the U.S. of non-Jewish 
subjects with Takayasu's arteritis where 
there is a relatively common occurrence of 
the disease among those of Spanish or 
African origin.!^?? 

Others have speculated as to the etiology 
of Takayasu's arteritis. Most authors be- 
lieve that it is one of the autoimmune dis- 
eases.?^ 9? The ethnic factor, which seems to 
be a prominent feature in our series, may 
influence the susceptibility of various popu- 
„lation groups and may determine the target 
areas in the aorta. 

Some authors have suggested that strep- 
tococcal or tuberculous infections may 
exert a triggering effect in the development 
of the disease.” The antigen-antibody reac- 
tions resulting from these infections may 
be type specific and may also have an im- 
munologic affinity for the aorta and its 
branches. Only 4 patients in our series had 
a positive tuberculin skin test and 3 had 
tuberculous lymphadenopathy. Our ma- 
terial, therefore, neither supports nor 
refutes the post infection theory. 
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Six of our patients had repeat aortog- 
raphy 2 to § years following the initial 
study. These patients had been treated 
with steroids and/or antituberculous ther- 
apy and had shown clinical improvement. 
However, roentgenologically no improve- 
ment could be demonstrated. Five of the 
patients showed no change whatever in the 
angiographic pattern of occlusions and 
stenoses. One patient followed from the 
acute stage showed aneurysms which pro- 
gressed to stenosis and occlusion, and also 
the reverse, stenotic segments which be- 
came aneurysmal. Although the natural 
history of the disease has not been fully 
elucidated, it is thought to be progressive, 
although at an unpredictable rate. Our 
material suggests that successful therapy 
will impede the progression of the vascular 
lesions, but should not be expected to 
reverse them. Vessels once affected do not 
revert to normal. 


CONCLUSION 


Takayasu’s arteritis is found among the 
Sephardic and Oriental Jewish, Arab and 
Beduin populations of Israel, but not yet 
among the Jews of Ashkenazic origin. 

Among the 22 patients in this series the 
sex distribution was approximately equal, 
in contradistinction to the female predomi- 
nance usually reported from the Far East. 

The regional distribution and character 
of the aortic involvement bore a relation- 
ship to the ethnic origin of the patient. 

Aneurysms of the thoracic aorta had a 
predilection for Indian patients, while co- 
arctation or occlusion of the abdominal 
aorta was characteristic in the Arabs and 
Beduins. 

While the disease may be suspected from 
the clinical findings and the plain film chest 
roentgenogram, aortography is required 
for the diagnosis. Complete evaluation 
should include pulmonary angiography, 
since segmental involvement of the pulmo- 
nary arteries may be unsuspected and prob- 
ably occurs in a high percentage of patients 
with the disease. Involvement of the pul- 
monary arteries will support the diagnosis 
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of Takayasu’s disease vs. atherosclerosis in 
those patients in whom the differentiation 
may be difficult. 

Patients may show clinical improvenent 
following appropriate therapy, although 
the angiographic findings are usually un- 
changed. In 1 case progression of the dis- 
ease was documented over a § year period. 


Victor Deutsch, M.D. 

Department of Radiology 

The Chaim Sheba Medical Center 

Tel-Hashomer and Tel-Aviv 
University School of Medicine 

Tel-Aviv, Israel 
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COARCTATION OF TH2 ABDOMINAL AORTA WITH 
ANEURYSM OF MIEDLE CEREBRAL ARTERY* 


By JOHNNY BLIZNAK, M D.,f and JACK D. BARGAINER, M.D. 


ST. LOUIS, MISSOURI 


OARCTATION of the abdominal 
aorta is a rare entity and comprises 
approximately 2 per cent of all coarcta ions 
of the aorta. This may be part of a disease 
complex or may be seen as an isolatec en- 
tity. The patients typically present e ther 
with systemic hypertension or interm! tent 
claudication, with surgical by-pass o the 
coarctation being the treatment of choice. 
The patient described here represents 
the second case of abdominal aortic coarc- 
tation associated with intracranial eneu- 
rysms reported. In view of the limited at- 
tention abdominal coarctation has re- 
ceived in the radiologic literature, th de- 
tails of this case and a review of the general 
topic are presented. 


REPORT OF A CASE 


B.B., a 16 year old white female, entered the 
hospital in November, 1968, with symptens of 
fainting, nausea, vomiting, neck and back pain. 
Physical examination revealed a blood pressure 
of 230/130 mm. Hg; the patient was lethargic, 
but without focal neurologic signs. The firdings 
on a lumbar puncture— numerous red cel s and 
increased cerebrospinal fluid pressure—indi- 
cated a subarachnoid hemorrhage. A carotid 
angiogram showing an aneurysm at the knee of 
the left middle cerebral artery (Fig. 1, was 
followed by a left frontotemporal cranietomy 
through which clips were placed at the n2ck of 
the aneurysm. Subsequent to surgery, the 
patient had right upper and lower extremity 
paresis which resolved over the ensuing months. 
She was then discharged and readmittec later 
for evaluation of hypertension. 

A coarctation was clinically suspected be- 
cause of weak femoral pulsations. An a»dom- 
inal aortogram obtained via a left brachial 
approach revealed a 7 cm. in length segment of 
coarctation extending from just abowe the 
celiac artery to include the superior mesenteric 


* From the Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, Missouri. 
+ Present Address: 1101 North 19th Street, Abilene, Texas 79601. 
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Fic. 1. There is a lobulated aneurysm of the 
left middle cerebral artery (arrow). 


and renal arteries. Significant stenoses of the 
celiac, superior mesenteric, and both renal 
arteries were present. A large inferior mesen- 
teric artery supplied collateral flow to the 
superior mesenteric artery va the arc of Riolin 
(Fig. 2). 

At surgery, confirmation of the roentgeno- 
logic findings was obtained. A dacron graft was 
used to by-pass the area of coarctation. An 
end-to-side anastomosis of the left renal artery 
to the dacron graft was performed as well as 
an end-to-side saphenous vein graft extending 
from the coarcted aorta to the right renal 
artery. Subsequent to surgery, the blood pres- 
sure dropped to 180/110 mm. Hg, but showed 
no additional improvement on follow-up exam1- 
nation. For this reason, she was placed on anti- 
hypertensive medication. A second arteriogram 
demonstrated that all the grafts were function- * 
ing with apparently normal contrast medium 
flow (Fig. 3). Abnormally high bilateral renal 
vein renin levels indicated the possibility of per- 
sistent renal ischemia. 


DISCUSSION 


The first report of an abdominal coarcta- 
tion was in 1884 by Quain.” Bahnson et al. 
were the first to describe the angiographic 
features of the lesion. Glenn ef a/.,? in 1962, 
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Fic. 2. Coarctation extends from just above the 
celiac artery to the infrarenal segment with post- 
stenotic dilatation. Stenoses involve the proximal 
celiac, superior mesenteric artery (SMA), and 
both renal arteries. A large arc of Riolin extending 
from the inferior mesenteric artery provides col- 
lateral flow to the SMA (arrow). 


described the first operation for this 
anomaly in which the splenic artery was 
used to by-pass the coarctation. Maycock” 
states that the lesion is secondary to failure 
of fusion of 2 dorsal aortas which is fol- 
lowed by disappearance of one of these 
_with resultant diminutive size of the re- 
maining dorsal aorta. In Orientals the 
lesion is often of an inflammatory etiology, 
very likely part of the spectrum of Taka- 
yashu’s disease," with abdominal aortic 
coarctation almost as common as that of 
the thoracic lesion." In the United States, 
the evidence supports its congenital nature. 
It is especially common in children and 
young adults; is often seen with other con- 
genital anomalies; and histopathologically 
lacks inflammatory signs.3:!%!7 

In abdominal coarctations the female to 
male ratio is 2:1 as opposed to the thoracic 
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coarctation female to male ratio of 3:1." 
The mean age at diagnosis is 21 years. Ab- 
dominal aortic coarctations are classified 
as to their segmental or diffuse nature and 
a suprarenal, interrenal, or infrarenal loca- 
tion." These lesions may be seen with 
coarctation of the thoracic aorta; multiple 
pulmonary arterial stenoses, valvular aor- 
tic stenoses, mitral insufficiency, subclavian 
stenoses,” renal artery aneurysms, idio- 
pathic hypercalcemia, neurofibromatosis, 
rubella, Takayashu’s disease, or as an 
isolated entity.'4>!7 Two cases of abdom- 
inal aortic and renal artery hypertension 
have been reported in children after radio- 
therapy for abdominal tumors.’ Fisher and 
Corcoran? reported a 14 year old boy with 
severe systemic hypertension, abdominal 
aortic coarctation, renal artery stenoses, 
and aneurysms of the left anterior cerebral 
and lenticulostriate arteries, seen at post- 
mortem examination. 

Should the stenoses be supra- or infra- 
renal, the patient typically will present 
with systemic hypertension. When the 
most significant narrowing is in the infra- 





A dacron graft by-passes the area of aortic 
coarctation. A left renal artery to dacron graft 
and an end-to-side right saphenous vein graft 


Fic. 3. 


extends from the coarcted aorta to the renal 


artery. 
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renal segment of the aorta, interm ttent 
claudication with or without hypertension 
is the predominant complaint. Heacache, 
palpitation, dyspnea on exertion, ziddi- 
ness, lethargy, abdominal angina, cerebro- 
vascular accident, seizures, or congestive 
heart failure are occasionally manifested. 
Systemic hypertension may be due to 
either mechanical effects of the coarc ation 
itself, or to renal ischemia.! Sometimes 
bruits are heard and notching of the ir ferior 
4 ribs is present. 

Angiography should define the lo-ation 
and extent of the lesion, the condit on of 
the renal and splanchnic vessels, and anv 
collateral circulation. 


PATHOLOGY 


Most of the specimens submitted are 
histopathologically normal. On occasion, 
marked intimal proliferation, fibrormuscu- 
lar dysplasia, nonspecific inflammatcry re- 
action of the aortic wall, intralu minal 
thrombosis, atresia or stenosis are seen." 
Arteriosclerotic changes may coexist prox- 
imal to the coarctation, or occaspnally 
plexiform neurofibromata encase the aorta 
in patients with neurofibromatosis. 


TREATMENT 


Without major peripheral vessel irvolve- 
ment a localized coarctation may be re- 
sected, and an end-to-end anastomosis or 
small patch graft applied. When tne co- 
arctation is extensive, with involvement 
of the renal or splanchnic branches, then a 
by-pass graft extending from abeve to 
below the coarctation is efficacious. Jue to 
Bernoullie’s principle, as the flow tarough 
the coarcted segment is diminished, the 
pressure on the side walls of the aorta is 
increased, and this pressure will leac to in- 
creased flow through the branch -essels. 
However, this may not be sufficient for an 
effective blood flow, and therefore side 
grafts often are performed to the kidneys 
with either dacron or saphenous vein 
material. A nephrectomy may be neces- 
sary, if there are multiple areas of renal 
artery stenoses or the stenotic areas are of 
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A 
excessive length. There is typically no 
need for splanchnic revascularization as 
collaterals usually suffice." Most of the 
patients who undergo surgery become 
normotensive.9.1 


SUMMARY 


(1) Coarctation of the abdominal aorta 
is rare, the incidence being 2 per cent of all 
aortic coarctations. 

(2) The patient reported is only the 
second case associated with intracranial 
aneurysms. 

(3) Symptoms most often are those of 
systemic hypertension and/or intermittent 
claudication. 

(4) Angiography defines the extent of 
the coarctation and anv collateral circula- 
ticn. 

(s) Most specimens are histopathologic- 
allv normal. 

(6) Surgical by-pass of the lesion often 
cures the hypertension. 


Johnny Bliznak, M.D. 
1101 North 19th Street 
Abilene, Texas 79601 
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CRANIAL GROWTH RETARDATION FROM 
MATERNAL PHENYLKEIONUKRIA* 


By C. STUART HOUSTON, WITOLD A. ZALESKI, and L. ANNE ZALESKI 


SASKATOON, SASKATCHEWAN, CANADA 


WE wish to report a unique and inter- 
esting biochemical cause of retarded 
brain growth, which is being recognized 
with increasing frequency. Study of this 
specifie cause of retarded growth empha- 
sizes both the importance and the vari- 
ability of well known but often overlooked 
radiologic signs of slowed brain growth 
and the fallibility of radiologic measure- 
ment in such cases. 


MATERIAL 


Three families of mentally retarded 
children of mothers with phenylketonuria 
(PKU) have been seen at the Alvin Buck- 
wold Centre, University of Saskatchewan 
(Table 1). These 3 mothers have produced 
8 retarded and 2 borderline retarded chil- 
dren. In addition 1 child was stillborn and 
3 died neonatally with congenital anoma- 
lies. These children represent one of the 
largest series collected; in the last 5 years 
we have discovered more such retarded 
but biochemically normal children of PKU 
mothers than new cases of the disease, 
PKU (g vs. 7). Each child presented radio- 
logically with sometimes subtle but definite 
evidence of retarded brain growth. 


RESULTS 


The radiologic findings in children with 
retarded brain growth born of mothers 
with phenylketonuria, are often subtle and 
overlooked (Fig. 1, 4—-D; and Table 1). 
It is common for a smooth-walled vault in a 
child of 3 to 10 years to be interpreted in- 
correctly as normal, whereas well developed 
normal convolutional markings may raise 
unjustified alarm of increased intracranial 
pressure. Convolutional markings normally 
appear between 1 and 3 years of age; be- 


*p 


1973. 


tween 3 and 10 or 12 years, absent or 
diminished markings are a sign of ab- 
normality.’ As vet we have not encountered 
a normal child of this age group with absent 
convolutional markings. The absence of 
convolutional markings in our patients 
therefore is abnormal. Premature sclerosis 
of the sutures, particularly occurring at 6 
and 8 years of age, as in 2 of our patients 
(Fig. 1C), is another significant sign of de- 
creased brain growth. Flattening of the 
occiput was pronounced in 1 patient; this is 
nonspecific but occurs more frequently in 
retarded and inactive children who spend a 
great deal of time lying on their backs. 
Children in this series have not had notice- 
able thickening of the cranial vault. 

Measurement of the skull roentgeno- 
grams proved disappointing in these cases. 
Since 85 per cent of brain growth and cra- 
nial vault growth has been achieved before 
3 vears of age, a child of 6 years with a 
vault size of only 2 years, represents only 
à § per cent difference in any one dimen- 
sion; this 1s not apparent by casual inspec- 
tion. Only rather advanced degrees of 
microcephaly are evident to the observer; 
this small size was readily apparent on 
visual inspection of the roentgenograms in 
onlv 3 of our cases. 

Several of our children whose roentgeno- 
graphic skull measurements fall well within 
the range of normal, based on values given 
by Lusted and Keats, have head circum- 
ference measurements below minus 2 stan- 
dard deviations (below the second per- 
centile). In Table 1, the measurements fall- 
ing below Lusted and Keats' range of nor- 
mal are italicized. Comparison of head 
circumference of our patients with normal 
values 1s shown in Figure 2. It is apparent 
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TABLE Í 


THREE FAMILIES WITH MENTALLY RETARDED CHILDREN OF MOTHERS WITH PKU 








Head Convolutional , 
Breadth Length Height Markings 





Bio- Birth A I 
chemistry Weight ^'9* Q. Circumference 
D Family | 
Mrs. M. PKU ? 31 55 
Miss D N 2,5 8 34 
Miss A1? N od 6 32 
Mstr. D.? N 2:9 5 36 
Miss M3 N 2.8 3 26 
P Family 
Mrs. E.4 PKU ? 32 58 
Prem. Girl! N 2.0 2da 
Prem. Boy! N 2.0 2da 
Mstr. Dnt? N- 2:9 yi 42 
Mstr. DI.13 N 2.4 6 45 
Stillbirth Boy N 1.6 ^ — — 
Mstr. De? N 2.3 3 44 
Prem. Boy? N ada 
(One spontaneous abortion) 
K Family 
Mrs. R. PKU P 2 80 
Mstr. J.3 N acp. og 85 
` Miss A.M. No x — 354 3 Je 
Miss L. PKU 2.6 2 37 


(One spontaneous abortion): 


54.6 158 191 148 (Adult) 
46.5 129 178 149 Decreased 
44.7 140 164 139 Decreased 
45.4 128 166 132 Decreased 
43.2 129 159 135 Decreased 
52.0 pes 195 142 (Adult) 
47 | 147 170 150 Absent 
46 143 «05 143 Absent 
42 131 56 132 Absent 
54.4 156 209. 161 (Adult) 
49.3 146 178 146 Absent 
44.2 130 167 132 Absent 
45.5 I31I 166 130 Absent 


' Ne Normal 17: congenital heart disease 
PKU= phenylketonuria aes esophageal atresia and cleft palate 
da= days 3 increased muscle tone, abnormal gait 


4™= cleft palate 


that the head: circumference. measurement 
is an accurate, better standardized and 
much easier method of assessing skull size 
and must be preferred to roentgenographic 
measurements. The small cranial vault is 
most evident at birth; during childhood, no 
‘longer in an abnormal biochemical en- 
vironment, the size of the cranial vault 
seems to "catch up" to some degree. 


DISCUSSION 


When an individual child or particularly 
when several children of one family are 
seen with subtle but definite radiologic 
signs of diminished brain growth, it is not 
enough to test the children biochemically, 
but one must also test'the mother for 
PKU. This is important for diagnosis, 
genetic counselling and family planning 


and has major economic significance, since 
custodial care of a severely retarded child 
is a heavy burden on the family and on 
society. 

Since routine testing for PKU through- 
out most of this continent in the past 2 
decades has resulted in the correct diag- 
nosis of most PKU children, allowing 
treatment with low phenylalanine diets, 
many have avoided the severe brain dam- 
age that otherwise might have occurred. 


‘More PKU patients are functioning nor- 


mally in the community, and in years to 
come will marry and have children, al- 


though their doctors and even their hus- 


bands may be unaware of their diagnosis. 
A man or a woman with phenylketonuria 
has a genetic risk of having a child with the 
same disease only on the 1:70 chance that 
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Fic. 1. P Family. (4) Boy 7 years of age. (B and C) Boy 6 years of age. (D) Boy 3 
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years of age. 


Note that the convolutional markings are absent. 


the mate is a heterozygote carrier of PKU 
(autosomal recessive). Yet the metabolic 
risk to a// children of PKU mothers is very 
great and the extent of this increasing 
problem is not yet widely appreciated. On 
review of the literature it was found that 
68 of 69 children born of PKU mothers 
were mentally retarded,!! whereas Reed and 
Reed's study? of unselected retarded moth- 
ers showed that only 16.7 per cent had 


mentally retarded offspring. 

The placenta normally functions to 
maintain amino acid levels in the fetus 
higher than those in the mother. This is a 
conservation measure designed to ensure 
the fetus adequate amounts of normal 
amino acids, the essential "building blocks" 
for protein. Thus phenylalanine is actually 
transported across the placenta with nearly 
twice the concentration in the umbilical 
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MATERNAL PKU HEAD CIRCUMFERENCES 
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Fie. 2. Head Circumferences. All patients (black 


dots) are at least 2 standard deviations below the 
expected mean for their age. 


cord blood as compared to maternal 
blood.^* In the case of PKU mothers, 
whose phenylalanine levels are already 5 
to 7 times normal, these levels may be 
further increased in the infant, with serious 
results, 

In typical PKU, as seen in these mothers, 
there is a reduced activity of phenylalanine 
hydroxylase.? In both clinical and experi- 
mental situations, high phenylalanine lev- 
els cause incomplete myelination, abnor- 
mal cerebral lipids and distorted amino 
acid concentrations in the brain with irre- 
versible neurologic damage.’ Because of 
the very high risk of biochemical damage 
to the fetus, maternal phenylketonuria 
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can be a valid indication for therapeutic 
abortion and sterilization.’ A strict, low 
phenylalanine diet throughout pregnancy 
is the only alternative, although its suc- 
cess in preventing fetal abnormalities is 
not yet proved. :!? 

As a result of these cases, the Guthrie 
test for PKU is now done on all premarital 
blood samples in Saskatchewan. A woman 
with an I.Q. of 98 but a plasma phenylala- 
nine of 27 was recently diagnosed as PKU. 
She was treated with a low phenylalanine 
diet through the last half of her pregnancy. 
The infant has a coarctation of the aorta, 
but seems to be developing num at I 
year. 

The biochemically normal children of 
PKU mothers, reported in this paper, have 
suffered brain damage through exposure to 
excessive levels of phenylalanine i» utero. 
They differ in a number of ways from their 
biochemically abnormal mothers with 
phenylketonuria. Their intelligence quo- 
tient is usually lower. Their bones are 
small but with normal architecture, with- 
out the metaphyseal changes described in 
PKU. Unlike PKU, there is a greatly in- 
creased incidence of spontaneous abortions, 
stillbirths and congenital abnormalities 
(Table 1).!^ Unlike PKU, no dietary treat- 
ment is needed after birth. 

These children are a tragic demonstra- 
tion of chemistry gone wrong. It is obvious 
that the mere exposure to abnormal levels 
of phenylalanine in utero is sufficient to 
cause life-long impairment of growth and 
development, particularly of the brain. 


SUMMARY 


Three women with phenylketonuria have 
produced 3 infants with lethal congenital 
anomalies and 10 biochemically normal but 
mentally retarded children. 

These children, exposed to abnormal 
levels of phenylalanine in utero, have life- 
long impairment of growth and develop- 
ment. Decreased brain growth results in 
absent or greatly diminished convolu- 
tional markings and sometimes premature 
sclerosis of the sutures. 
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Radiologic measurement of the skull is 
less useful than simple measuremeat of 
head circumference. 

Recognition and genetic counselling are 
necessary, for otherwise maternal plenyl- 
ketonuria will be an increasingly common 
cause of mental retardation. 


C. Stuart Houston 

Department of Diagnostic Radiology 
University Hospital 

Saskatoon, Saskatchewan, Canada S7N OW8 


We wish to thank Hans S. Dommasch 
for the photographic illustrations and Mrs. 
Joan Matlock for assistance in the prepara- 
tion of the manuscript. 
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A PATHOPHYSIOLOGIC MECHANISM FOR VEN- 
TRICULAR ENTRY OF RADIOPHARMACEUTI- 
CAL AND POSSIBLE RELATION TO 
CHRONIC COMMUNICATING 
HYDROCEPHALUS 


By A. EVERETTE JAMES, Jr., Sc.M., M.D.," WILLIAM J. FLOR, Px.D 


,t TIMOTHY 


MERZ, PH.D. ERNST-PETER STRECKER, M.D.,8 and BARRY BURNS, Px.D.|| 


BALTIMORE, MARYLAND 


ee Be cerebrospinal fluid (CSF) imaging 
pattern of ventricular entry and stasis 
in patients with chronic hydrocephalus has 
been described and documented.*? The 
cause of this ventricular “penetration” and 
the reason radiopharmaceutical remains 
there for prolonged time periods is not 
known. Radiopharmaceutical presence in 
the lateral ventricular area so soon after 
lumbar subarachnoid injection is too rapid 
to be explained by molecular diffusion.’ 
Neither can it be accounted for by rapid 
transfer into the blood and secretion by the 


choroid plexus, since most of the labeled 


substances do not readily pass the blood- 
CSF barrier. 

When considering the possible explana- 
tions of these phenomena, one must relate 
them to the generally accepted relations 
of production and absorption of cerebro- 
spinal fluid. CSF appears to be produced, 
at least in part, by an active process, since 
it does not represent an ultrafiltrate of 


blood. The site of greatest CSF production | 


is in the ventricular system. The choroid 
"plexus seems mainly responsible for its 
secretion, although a significant contribu- 
tion may be made by the ventricular 
ependyma.* 

Absorption of CSF in some species such 
as dogs is possible by the arachnoid villi 


of the spinal cord, the optic and otic tracts, 
through lymphatic pathways and other 
unidentified secondary sites. However, 
in the human and subhuman primate the 
major site of absorption appears to be the 
arachnoid villi in the parasagittal region.!9:7 
Alternative pathways may account for 
some absorption in the normal and appear 
to represent the major pathways if the 
arachnoid villi are unavailable or in some 
manner physiologically impaired.!971.1407 
Thus, if the bulk of cerebrospinal fluid is 
formed in the ventricles and absorbed over 
the cerebral cortex, there is a resultant net 
flow of CSF out of the ventricles. This flow 
and the anatomic arrangement of the 
foramina of the fourth ventricle as sug- 
gested by Di Chiro seem reasonable ex- 
planations for radiopharmaceutical not 


entering the ventricles in normal patients.* 


DESCRIPTION OF MECHANISM 


When the pathways of CSF flow between 
the ventricles and the arachnoid villi are 
either obstructed or obliterated, normal 
absorption of CSF at these sites cannot 
occur and movement of CSF and its con- 
stituents from the ventricles outward is 
diminished. We have reconstructed this 
circumstance in an experimental model 
of chronic communicating hydroceph- 
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alus. 910197 From these data and correla- 
tion with the appearance of the cisterno- 
grams, as well as clinical and physiologic ob- 
servations, we propose that the following 
events are important in the development 
of communicating hydrocephalus and are 
correspondingly reflected bv the cisterno- 
graphic changes observed.'^'5 Initially, 
even though there is reduced absorpt on of 
CSF by the arachnoid villi, production is 
not diminished.?:*!* This relative over- 
production of CSF causes a slow and inter- 
mittent increase in pressure in both the 
ventricles and the communicating sub- 
arachnoid space surrounding the brain.’ 
At the same time, histologic and ultra- 
structural studies have shown enlarge- 
ment of the extracellular space in the peri- 
ventricular region suggesting edema!!! 
and perivascular edema  selectively.!^.!5 
The brain, being a viscoelastic substance, 
resists these forces, but is somewhat com- 
plant due to the presence of cerebral 
veins.’ The small periventricular cerebral 
veins and capillaries may collapse as their 
critical closing pressure is reached or the 
lumen may narrow sufficiently to fail to 
support adequate blood flow resulting in a 
combination of pressure and ischemic 
damage initially localized to the periven- 
tricular white matter.!%!'416 Following 
these changes, the lateral ventricles have 
been shown to enlarge (Fig. 1.4), especially 
at their dorsolateral angles. These changes 
have been observed in acute models for 
noncommunicating hydrocephalus, but are 
also present in the chronic experimental 
model for communicating hydrocephalus, 
but are not as striking initially. With 
ventricular dilatation in all forms of hydro- 
cephalus, the ependyma loses its normal 
cuboidal pattern in the stretched regions, 
becoming flattened with loss of cilia or 
even entirely denuded at areas of greatest 
stress (Fig. 1 5). 

With these morphologic changes, the 
ventricular ependyma no longer ac:s as a 
partial barrier to the larger molecules in 
the CSF. Larger molecules (such as al- 
bumin) in the CSF pass into the brain 
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parenchyma, not by diffusion as in the nor- 
mal brain,? but bv facilitated diffusion 
(bulk flow). Studies of direct ventricular 
infusion of I?! serum albumin in normal 
animals and those with chronic communi- 
cating hvdrocephalus (to be subsequently 
reported) demonstrate patterns easily dif- 
ferentiated by plotting radioactivity versus 
distance from the ventricular ependymal 
surface on probability paper.? Gross and 
semiquantitative autoradiography (Fig. 1, 
C and D) performed in our laboratory have 
also confirmed these differences in move- 
ment. 

As the ventricles enlarge, flattening and 
destruction of ependymal cells continue, 
increasing. the loss of integrity of the 
ependymal layer and widening of the space 
between supporting cells which appar- 
ently facilitates transependvmal move- 
ment. The pathologic changes lead to an in- 
crease in the periventricular extracellular 
space? 1^" (Fig. 2) initially and at greater 
depth in the brain parenchyma in more 
chronic models. 

After an unspecified period of time ‘‘com- 
pensation” occurs, probably because alter- 
native pathways for absorption of CSF 
are established and ventricular enlarge- 
ment ceases.! ??!! However, this stable 
circumstance is not so rapidly achieved if 
the cranial sutures are not fused. This is 
probably due to the fact that the calvarium 
does not act as a permanent resistance to 
continued enlargement of the ventricles. 
Prior to sutural closure, marked ventricular 
dilatation. will be seen, often with only, 
minimal neurologic deficit in both children 
and in very young animals.? 

This proposed sequence of events cor- 
relates with the changes noted on cisterno- 
graphic images. With ventricular enlarge- 
ment and transependymal migration of 
CSF, the net flow out of the ventricles may 
be reduced and could be ultimately re- 
versed resulting in radiopharmaceutical 
penetration. Since the ventricles may not 
participate in CSF absorption, after radio- 
pharmaceutical enters the ventricles from 
the cisterna magna, it will pass across the 


40 A. Everette James, JE et al. SEPTEMBER, 1974 









sonan Dad 
ec 


RADIOPHARMACEUTICAL IN BRAIN PARENCHYMA 
RADIOPHARMACEUTICAL IN EPENDYMA 





3.5 45 55 65 
DISTANCE IN MM 


Fic. 1. (4) Coronal section of primate (Macca mulatta) brain 83 days after silastic injection into the pe- 
ripheral subarachnoid space. Cisternograms revealed ventricular entry and stasis. Marked lateral ventricu- 
lar enlargement is present, mainly at the expense of white matter. The most dramatic changes have oc- 
curred in the area of the ventricular angles. (B) Histologic appearance of the ventricular angle, Azure II 
and methylene blue stain, 550. The ventricle is on the right. The upper left portion of the field is the cor- 
pus callosum and the lower left is the caudate nucleus. Ventricular ependyma, which is normally cuboidal, is 
flattened and, in the area of the angle, denuded. Changes of widened periventricular intercellular spaces 
and perivascular edema are present. (C) Gross autoradiograph, coronal section made after intraventricular 
placement of 100 uc of I?! serum albumin and sacrifice by vascular perfusion 1 hour later. Radioactivity is 
seen in the periventricular area, especially at the ventricular angles. No radioactivity is seen in the ven- 
tricle due to clearing during the fixation process. (D) Curves of quantitation of radioactivity per millimeter 





Fic. 2. Ultrastructural appearance of the periventricular area (7,874 X) following perfusion with Karanofsky’s 
formaldehyde-glutaraldehyde fixative, postfixation in osmium tetroxide, and embedding in Epon 812. 
In this area of the corpus callosum, interce lular edema fluid (E) and reactive astrocyte processes (A) con- 
taining numerous glial filaments are preseat. The regular arrangement of perivascular astrocyte end feet 
(a) 1s preserved in this figure despite the presence of perivascular edema fluid (ef) dissecting through the 
basement membrane (bm). 


ventricular ependyma and is imaged in 
this enlarged CSF space for pro onged 
periods of time (stasis). The radiopl arma- 
ceutical does not flow out over the cerebral 
cortex because the normal route to CSF 
absorption at the parasagittal arachnoid 
villi has been occluded or restricted. These 
explanations are supported by gross and 
microscopic autoradiographs showirg pro- 
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gressive penetration of labeled albumin in 
the brain parenchyma from the ventricular 
surface outward in an animal with chronic 
communicating hydrocephalus'®!8 (Fig. 3). 
In patients with ventricular ‘“‘stasis’’ in 
delayed views, “apparent” ventricular en- 
largement occurs on the images, probably 
reflecting transependymal migration in the 
clinical circumstance (Fig. 4, 4-C). It is 








distance from the ventricular ependyma plotted on probability paper). In normal animals the curve is 
almost straight and deflected slightly dowaward. After a distance of 3.5 mm. from the ependymal surface, 
the amount of radioactivity approaches background. In animals with chronic communicating hydro- 
cephalus the curve is deflected upward, suggesting facilitated diffusion into the periventricular area. Even 
at a distance of 7.5 mm. from the ventrcular ependyma, significant radioactivity is present reflecting 


penetration into the periventricular area. 


42 A. Everette James, Jr. et al. 





recognized, however, that alternative ex- 
planations for the apparent increase in the 
area of radioactivity include radiopharma- 
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Fic. 3. Histologic autoradiograph of lateral ventric- 
ular ependymal and periventricular area in animal 
with chronic communicating hydrocephalus fol- 
lowing injection of I?! serum albumin (100 uc) into 
the cisterna magna. Thé animal was sacrificed 1 
hour later by intravascular perfusion at physio- 
logic pressures. Normal cuboidal ependymal cells 
are flattened (E); acellular areas (S) containing 
and surrounded by Ag granules are present. Small 
cerebral vessels (arrows) in the periventricular 
area contain radioactivity as reflected by the Ag 
grains. 
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ceutical decay and disassociation of the 


label. 


CONCLUSION 


Thus, the CSF image patterns reflect the 
pathophysiologic changes in CSF flow and 
reabsorption which probably occur in 
chronic communicating hydrocephalus. 
Several other established methods might 
be utilized to test this hypothesis including 
ventriculo-cisternal perfusion and ventricu- 
lar infusion of histochemical markers. Ven- 
triculo-cisternal perfusion will give accurate 
information regarding over-all CSF produc- 
tion and absorption, but will not delineate 
where these alterations are occurring ana- 
tomically. Histochemical markers are excel- 





hydrocephalus of the “normal pressure” type. (Same instrument and technical factors utilized following 
injection of 1 mc Yb'** DTPA.) The area of radioactivity in the lateral ventricle at 2 hours was traced 
and superimposed over (white lines) radioactivity in the same area at 6 and 24 hours. (The same appearance 
has been noted with I?! HSA, In"! DTPA and Tc??» HSA.) The change in area can be accounted for by: 
(a) increased photon scatter; (b) dissociation of radionuclide and chelate; and (c) transependymal migration 
of the radiopharmaceutical. Experimental data accumulated in our laboratory suggest that (c) applies 
in this circumstance. 
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lent means of determining the integrity of 
endothelial cell junctions and physiclogic 
barriers, but their molecular size is different 
from albumin and no iv vivo image cin be 
obtained for correlation. For these reasons, 
we utilized cisternographic images, anc cor- 
related them with gross and semiquartita- 
tive autoradiography for these determina- 
tions. Further extension of these and other 
studies utilizing this or another model for 
chronic communicating — hydrocepaalus 
seems indicated to elucidate the basic 
mechanisms of CSF production and absorp- 
tion in normal and abnormal circumstances. 


A. Everette James, Jr., M.D. 
Department of Radiology 
The Johns Hopkins Hospital 
Baltimore, Maryland 21205 
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MALPOSITION OF THE ATTACHED PORTION 
OF THE FALX CEREBRI AND THE 
SUPERIOR SAGITTAL SINUS* 


AN INDICATOR OF SEVERE CEREBRAL MALDEVELOPMENT 


By GEORGE W. NIXON, M.D., and CARL E. RAVIN, M.D. 


SALT LAKE CITY, UTAH 


T attached portion of the falx cerebri 
and the superior sagittal sinus con- 
tained within it are normally fixed midline 
structures. Although the importance of the 
position of the tentorium and of the con- 
figuration of the transverse and straight 
sinuses has been documented," there is 
minimal information in the literature refer- 
able to anomalous location of the falx and 
superior sagittal sinus. 

Only 1 previous case report of displace- 
ment of these structures was found in the 
literature. We have identified malposition 
of the attached portion of the falx and 
superior sagittal sinus in 28 patients. 

The purpose of this communication is to 
define the embryologic basis and prog- 
nostic implication of this malposition, to 
show which conditions result in this change 
and to give identifying features that can 
be demonstrated by various forms of 
roentgenologic examination (plain skull 
roentgenography, pneumography, ventric- 
ulography, angiography and isotope en- 
cephalography). 


MATERIAL AND METHOD 


This study is based upon the review of 
roentgen studies of all patients with hy- 
dranencephaly (18 cases), congenital por- 
encephaly (19 cases), absence of the corpus 
callosum with interhemispheric cyst (; 
cases), and congenital asymmetric cerebral 
hypoplasia (10 cases), that have been 
studied at Primary Children’s Medical 
Center between 1962 and June, 1973. The 
congenital asymmetric cerebral hypoplasia 
group includes 5 cases each with unilateral 


hypoplasia and bilateral hypoplasia with 
asymmetric involvement. 

Each of these 52 reviewed cases has been 
studied with routine skull roentgenography 
and intracranial pneumography (nitrous 
oxide encephalography or air ventriculog- 
raphy). In addition, 2 cases have been 
studied by cerebral angiography and 3 
patients by isotope encephalography. Post- 
mortem examination was performed in 
I case. 

We have not identified displacement of 
the attached portion of the falx and the 
superior sagittal sinus in other brain 
anomalies. 


RESULTS 


Malposition of the attached portion of 
the falx cerebri and the superior sagittal 
sinus was identified in 28 of the 52 reviewed 
cases. The roentgen changes are summar- 
ized in Table r. 

Routine skull roentgenograms may dem- 
onstrate the site of an anomalously posi- 
tioned superior sagittal sinus or the site of 
the attachment of the falx cerebri to the 
overlying calvarium. There may be: (1) 
localized thickening of the calvarium; (2) 
a groove indenting the inner surface of the 
calvarium; or (3) flattening of a portion 
of the calvarial configuration. 

The calvarial thickening is triangular in 
configuration with its apex directed cen- 
trally (Fig. 1; 34; and 4B). This localized 
internal thickening indicating the site of 
the attachment of the falx occurred in 6 of 
18 cases of hydranencephaly, 5 of 19 cases 
of congenital porencephalv and 1 of Io 


* Presented at the Sixteenth Annual Meeting of the Society for Pediatric Radiology, Montreal, P. Q., Canada, September 23-24, 


1973. 


From the Departments of Radiology, Primary Children's Medical Center and University of Utah Medical Center, Salt Lake City, 


Utah. 
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TABLE Í 


ROENTGEN CHANGES IN MALPOSITION OF THE ATTACHED PORTION OF 
THE FALX CEREBRI AND THE SUPERIOR SAGITTAL SINUS 




















Congenital Absent Corpus 
T Hydran- Congenital Asymmetric Callosum with 
otal 
encephaly  Porencephaly Cerebral  Interhemispheric 
Hypoplasia Cyst 
No. of Cases 52 18 19 IO 5 
I. Plain skull roentgenographic 
findings 
A. Internal groove 7/52 0/18 3/19 2/10 2/5 
B. Internal thickening 13/52 6/18 5/19 1/10 0/5 
C. External flattening 12/52 8/18 1/19 2/10 1/5 
II. Correlation of plain roentgeno- 
grams and gas studies 
A. Plain skull evidence of falx 
displacement 23/42. 10/18 7/19 3/10 3/5 
B. Falx off midline on gas 
studies 28/52 12/18 9/19 3/10 4/5 


cases of congenital asymmetric hypoplasia. 

The internal groove in the calvarium, 
demarcating the superior sagittal sinus 
anomalously positioned off the midline, 
was identified less frequently (Fig. 2; and 
5, A and B). A groove was identified in 3 
cases of congenital porencephaly, 2 cases 
of congenital asymmetric hypoplasia and 
2 of 5 cases with absence of the corpus cal- 
losum with interhemispheric cyst. A groove 





Fic. 1. Focal thickening of right parietal bone (ar- 
row) indicates the site of attachment of the 
anomalously positioned falx. There is considerable 
displacement from the sagittal suture (S). There 
is also mild flattening of the configuration of the 
calvarium in the region of the falx attachment site. 


was not identified in cases of hydranen- 
cephaly. 

Often a more diffuse alteration in the 
configuration of the parietal and occipital 
bones denoted the side of the malpositioned 
falx. Flattening or slight concavity of the 
external margin of the calvarium occurred 
rather than the normal convexity (Fig. 1; 
and 34). This finding occurred in 8 of the 
cases of hydranencephaly, 2 patients with 
congenital unilateral hypoplasia, and I case 
each with congenital porencephaly and 
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Fic. 2. The vascular groove (G) denotes the mal- 
positioned superior sagittal sinus in relationship 
to the sagittal suture (S) in this Towne’s projec- 
tion. 
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Fic. 3. Hydranencephaly in an infant. (4) Towne’s position roentgenogram shows focal calvarial thickening 
and flattening (arrow). (B) Anteroposterior brow-up pneumogram shows a normal attachment site of the 
anteroinferior portion of the falx (lower arrow) to the crista galli. There is progressive displacement of the 
falx posteriorly (upper arrow). (C) Posteroanterior brow-down pneumogram demonstrates continued in- 

* crease in the degree of falx (black arrows) displacement in its more posterior portion. The falx is seen 
extending laterally into the tentorium (open arrows). 


absence of the corpus callosum with inter- 
hemispheric cyst. 

Although the falx attachment site could 
usually be identified on both anteroposter- 
lor and Towne's projection roentgeno- 
grams, the findings were sometimes more 
prominent in the Towne's view (Fig. 3, 
B and C). Occasionally, the malposition 
could only be identified in this projection. 
In only 5; patients did plain skull roent- 


genograms fail to give evidence of mal- 
position of the falx. This occurred in 2 
patients with hydranencephaly, 2 patients 
with congenital porencephaly, 1 patient 
with absence of the corpus callosum with 
interhemispheric cyst, and 1 patient with 
asymmetric cerebral hypoplasia. 
Displacement of the attached portion of 
the falx cerebri and superior sagittal sinus 
was confirmed with gas studies in all cases 
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Fic. 4. Pneumographic demonstration of malposition of the falx. (4) In this case of hydranencephaly the 
basilar attachment is midline, but the more posterior portions (arrows) are malpositioned away from the 
sagittal suture (S). (B) Mild displacement ef the falx from the sagittal suture (S). Focal thickening of the 


calvarium at the falx attachment site (arrow). 


(Fig. 3, B and C; and 4, 4 and B). Demon- 
stration of displacement of the superior 
sagittal sinus was also demonstrated by 
cerebral angiography in 2 cases (Fig. 5, 
A and B) and isotope encephalography in 
3 cases (Fig. 6, Æ and B). The location of 
the attached portion of the falx and super- 


G\ FS 
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ior sagittal sinus, as identified on plain 
film skull roentgenograms, correlated well 
with the contrast and isotope studies. Mal- 
position of the superior sagittal sinus was 
demonstrated with transillumination in a 
few cases (Fig. 7). 

The degree of displacement of the super- 





Fic. 5. (4) Venous phase of cerebral angiography showing anomalous position of the parietal portion of 
the superior sagittal sinus (G) from the sagittal suture (S). A groove denotes the sinus location. (B) Close- 


up of the same case. 
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Fic. 6. Isotope encephalograms demonstrating malposition of the falx and superior sinus. (4) The anterior 
view demonstrates the basilar portion of the falx to be normal in position. Progressive shift occurs pos- 
teriorly. (B) The posterior view shows marked shift of the posterior falx and its asymmetric connection 
with the tentorium. (Courtesy of Dr. Philip R. Frederick.) 





Fic. 7. Transillumination demonstrating malposi- 
tion of the superior sagittal sinus. The shift is 
greater posteriorly (lower portion of photograph). 


ior sagittal sinus and attached falx from 
the sagittal suture varied from 0.5 cm. to 
5.0 cm. The displacement was less than 2 
cm. in most cases (Table 11). 

Postmortem examination confirmed the 
anomalous location of the attached portion 
of the falx and the superior sagittal sinus in 
I case (Fig. 8). The degree of shift in this 
autopsied case was the least (0.5 cm.) of 
any reported in this series. Skull roentgeno- 
grams were normal in this case. The mal- 
position demonstrated on pneumography 
correlated well with the autopsy findings. 


EMBRYOLOG Y 


The development of the superior sagittal 
sinus in the human fetus was elucidated by 
Mall* and Streeter? in the early 1900s. 
Their studies indicate that as the primitive 
telencephalon differentiates into the cere- 
bral hemispheres, a plexus of veins forms on 
its dorsal surface. At the 21 mm. stage (8 
weeks), a venous pattern similar to that 
seen in the adult is recognizable, with a 
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TABLE II 


DEGREE OF DISPLACEMENT OF THE ATTACHED PORTION OF THE 
FALX AND THE SUPERIOR SAGITTAL SINUS IN 28 CASES 








nmm mmm 








Congenital Absent Corpus 
Distance Total E TE eee E Congenital Asymmetric Callosum with 
Displaced (28 cases) ydranencep^? Y — Dorencepha]y Cerebral Interhemispheric 
Hypoplasia Cyst 
O.5—1 cm. II 5 3 2 I 
I-2 cm. 14 6 5 I 5 
2-3 cm. I O I O O 
over 3 cm. 2 I O O I 
ek ee ee eee ee NNE iac AL 
longitudinal channel present which be- corpus callosum with interhemispheric 


cemes the anterior portion of the superior 
sagittal sinus. The developing cerebral 
hemispheres become separated by mesen- 
chymal tissue which forms the falx cerebri? 
The posterior portion of the superior sagit- 
tal sinus develops through elongation as 
the tentorium descends and the developing 
cerebral hemispheres extend posteriorly. 
By the so mm. stage (11 weeks), the 
superior sagittal sinus is relatively well de- 
fined and its position is similar to the adult 
pattern. It is implied that attachment be- 
tween the falx cerebri and developing 
calvarium occurs at approximately this 
same time.? 

The roentgen demonstration of displace- 
ment of the attached portion of the falx 
cerebri indicates that the primary disease 
process occurred very early during fetal 
life. This process can be either unilateral 
or bilateral with initial asymmetric in- 
volvement. After the dura becomes at- 
tached to the overlying bony precursor 
structures, the relationship of the attached 
portion of the falx and the calvarium re- 
mains stable. The embryologic studies 
noted above suggest that this occurs prior 
to the twelfth week of intrauterine develop- 
ment. Since the posterior portion of the 
falx attaches last, this portion could be 
expected to be displaced more frequently 
and to a greater extent than the anterior 
portion. This has been noted in our cases. 

Other anomalies of the cerebrum and 
meninges have been common in the absent 


cyst? and porencephaly!® groups of pa- 
tients. There is experimental and embryo- 
logic evidence that the stage of fetal devel- 





Fic. 3. A portion of the calvarium of an autopsy case 
in which the superior sagittal sinus and attached 
portion of the falx were mildly shifted. The rela- 
tionship of the sagittal suture and anterior fon- 
tanelle (black arrows) to the falx attachment 


location (open arrows) is demonstrated. The mal- 
position is greater posteriorly. 


50 
opment during which many of these mal- 
formations (absence of the corpus cal. 
losum, heterotopic gray matter, aqueduct 
stenosis, ventricular dilatation, interhemi- 
spheric cyst, porencephaly and failure of 
tentorium descent) occur is similar.?+6:7.10.13,14 
These anomalies probably all develop be- 
tween the eighth and sixteenth weeks of 
intrauterine development. The association 
of malposition of the falx with these other 
anomalies suggests that they all develop 
at approximately the same time. 


DISCUSSION 


The plain film roentgenographic appear- 
ance at the site of the falx attachment is, in 
part, related to the volume of brain tissue 
present. In hydranencephaly and also in 
severe cases of porencephaly and other le- 
sions with markedly decreased brain tissue, 
a groove formed by the superior sagittal 
sinus would be unlikely because of the small 
size of this vascular structure in cases which 
have a small volume of cerebral tissue. 
Localized calvarial thickening and flatten- 
ing or concavity of the margin of the cal- 
varium may be secondary to a tethering 
effect by the falx and disruption of normally 
directed forces in the “calvarium-skull 
base-dura mater complex.''?45 

The roentgen pattern of malposition of 
the attached portion of the falx cerebri 
and superior sagittal sinus should not be 
confused with the roentgen findings of the 
so-called Davidoff-Dyke* syndrome of ac- 
quired unilateral cerebral atrophy. In those 
cases the disease process is atrophic rather 
than hypoplastic or dysplastic and develops 
during the latter portions of fetal life, 
infancy or early childhood. The position 
of the attached portion of the falx, of 
course, will be normal in these cases, since 
asymmetric development of the brain will 
not alter the relationship of this structure 
with the calvarium after they become con- 
joined. | 

The roentgen pattern described herein 
should also not be confused with deviation 
of the most posterior portion of the supe- 
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rior sagittal sinus which may deviate from 
the midline as a normal variant. This devi- 
ation occurs to the side of the dominant 
transverse sinus and is limited to the seg- 


ment of the sinus attached to the occipital 


bone. 

The clinical pattern of the cases reported 
in this paper would certainly be consistent 
with a major insult occurring early in the 
development of the central nervous system. 
Gross mental and motor abnormalities 
were present in all our cases, in which the 
attached portion of the falx was mal- 
positioned. 

The major importance in the roentgen 
demonstration of malposition of the falx 
cerebri and superior sagittal sinus is its 
prognostic implication of a severe under- 
lying cerebral malformation. This should 
be of great aid to the clinician in manage- 
ment of the patient and counseling the pa- 
tient's parents. Definite plain film roent- 
genographic findings in the proper clinical 
setting may make further diagnostic stud- 
les unnecessary. 


SUMMARY 


Malposition of the superior sagittal sinus 
and attached portion of the falx cerebri is a 
reliable indicator of a severe cerebral mal- 
formation which develops in the first tri- 
mester of fetal development. This malposi- 
tion has been identified in approximately 
one-half of our patients with hydranen- 
cephaly, congenital porencephaly, absence 
of the corpus callosum with interhemi- 
spheric cyst and congenital asymmetric 
cerebral hypoplasia. 

Plain skull roentgenography usually dem- 
onstrates changes indicating the abnormal 
location of these structures. 

Intracranial pneumography, cerebral an- 
giography, isotope encephalography and 
transillumination are methods which can 
confirm displacement of these structures. 


George W. Nixon, M.D. 

Primary Children's Medical Center 
320 Twelfth Avenue 

Salt Lake City, Utah 84103 
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CEREBRAL CALCIFICATION IN CHILDHOOD 
= LEUKEMIA MIMICKING STURGE-WEBER 
SYNDROME* 


REPORT OF TWO CASES 
By PATRICIA F. BORNS, M.D.,t and LEE F. RANCIER, M.D.1 


~ PHILADELPHIA, PENNSYLVANIA 


HE increasingly successfül treatment 
| of acute (lymphocytic) leukemia 
(ALL), particularly with chemotherapy, 


- brings the patient in long-term remission to 


the radiologist's attention more and more 
frequently. When these patients suffer leu- 
kemic relapse, the central nervous system 
is often the region of involvement and 


-roentgenograms of the skull are obtained. 


The following 2 cases are of particular 
Interest, since they present a unique pat- 
tern of brain calcification, mimicking that 
seeri in Sturge-Weber syndrome, associated 
with long-term remission of ALL. 


- 


REPORT OF CASES 


Case 1. D.G, was 45 years old when ALL was 
diagnosed in September, 1965. Remission was 
induced with vincristine and prednisone, and 
was successfully maintained'with methotrexate, 
given intramuscularly. In March and again in 
May, 1967 the patient suffered episodes of 
severe central nervous system (CNS) depres- 


, ston with unconsciousness, although he was in 


remission (by bone marrow aspiration). Plain 
skull roentgenograms were negative. Cerebro- 
spinal fluid (CSF) contained 1,000 mononuclear 
cells during the first episode: CSF pressure was 


.elevated. Spiking fevers. were noted. He re- 


ceived intrathecal methotrexate and a total of 
£60 rads Co® teletherapy to the midline of the 
skull. He responded partially, but continued to 
have severe and prolonged CNS complications, 
including dementia. Intrathecal and intramus- 
cular methotrexate was continued. 

For the first time in January, 1968 a skull 
series showed a serpiginous pattern of cerebral 
calcification (Fig. 1, Æ and B). Tomograms 
demonstrated the a to be deep- 
seated as s well as cortical (Fig. 2). The patient 


had not received further radiation therapy to 
that time. The calcification was progressive. 
The marrow remained in remission and leu- 
kemic cells in the CSF were not documented. 

Brain scanning and electroencephalography 
showed no localized lesion during his course. 
Radiation therapy to the skull was given again 
in September, 1968 and August, 1969. Metho- 
trexate was continued. The patient died in 
February, 1970. Permission for autopsy was 
refused. ! 


.. Case 1t. S.S., a 39 year old female, was diag- 
nosed as having ALL in April, 1966. Induction 
and maintenance were achieved with metho- 
trexate. Vincristine and prednisone were also 
used early in her course. The first CNS relapse 
occurred in September, 1967, characterized by 
seizures. Skull roentgenograms were negative. 
Intrathecal methotrexate and radiation therapy ~ 
to the skull wére given. A total of 3,400 rads, in 
5 fractionated courses of treatment, was ad- 
ministered between September, 1967 and Oc- 
tober, 1968 because of increasingly severe bouts 
of CNS difficulty, including hemiparesis and 
aphasia. 

Left frontal craniotomy was performed to 
remove a localized lesion in December, 1968. 
No leukemic infiltrate was found, but severe 
cerebral degeneration with astrocytic pie 
was present. 

Wavy lines of calcification in the brain were 
first noted on roentgenograms obtained in 
March, 1969 (Fig. 3). A branch of the posterior 
temporal division of the midcle cerebral artery 
closely paralleled the calcific lines on angiogra- 
phy (Fig. 4). — 

In April, 1969 a right occipital craniotomy 
revealed several large thrombosed cortical 
veins. Cortical biopsy showed cortical capillary 
telangiectasia with calcification, and extreme 
subcortical astrocytosis. There were no leu- 


* From the Department of Radiology, The Children’s Hospital of Philudelphia,t and the Department of Radiology, Thors 


J efferson University Hospitali ae pmo Pennsylvania. 
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Fic. 1. Case r. (4 and B) Symmetric bilateral 
cortical calcifications similar to, but more ex- 
tensive than, those seen in Sturge-Weber 
syndrome. 


kemic cells. She remained in hematologic re- 
mission, and chemotherapy was discontinued 
in 1970. Remission has been maintained 
through October, 1972. Skull roentgenograms 
showed progression of the calcifications (Fig. 5). 
The child is severely retarded, although she was 
of normal intelligence prior to 1967. 





Fic. 2. Case 1. Tomogram demonstrates that there 
are deep intracranial calcifications, probably Fic. 3. Case 11. First appearance of the characteristic 
paraventricular as well as cortical. parallel cortical calcifications. 
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DISCUSSION 


The treatment of childhood leukemia is 
turning from a palliative objective towards 
one of cure through vigorous combined 
chemotherapy.’ Both of the cases presented 
developed a striking pattern of cerebral cal- 
cification during treatment for ALL. Each 
had received radiation therapy (one re- 
ceived only 550 rads) and chemotherapy 
including intrathecal methotrexate, prior to 
the appearance of the calcification. Both 
remained in hematologic remission through- 
out their course. 

The unique, gyriform pattern of brain 
calcification in these 2 patients forms the 
basis for this report. Sturge-Weber disease 
exhibits a similar pattern, although the 
cerebral calcification in that disease is vir- 
tually always unilateral. No  portwine- 
colored facial nevus of Sturge-Weber was 
present in our 2 patients. Glioma may oc- 
casionally produce a serpiginous calcifica- 
tion in the brain,? but such a tumor was ex- 
cluded by biopsy in one of the patients, and 
by the symmetric and extensive involve- 
ment in the other patient. 





Fic. 4. Case 11. Angiogram shows that a branch of the 
posterior temporal division of the middle cerebral 
artery closely parallels the calcific lines seen on the 
plain film roentgenogram. 
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as o - 
Fic. 5. Case rr. The calcifications have become more 
extensive and more dense, although the child has 
remained free of leukemia and has received no 
further treatment. 


A somewhat similar pattern of calcifica- 
tion was reported in a patient who had re- 
ceived roentgen therapy (dose unspecified) 
for tinea capitis.* The dose and fractiona- 
tion of radiation therapy in these cases 
makes brain calcification from radiation 
necrosis unlikely.! The possibility that the 
chemotherapy received by these patients 
played a role in the brain changes remains 
speculative. 

A careful review of the literature failed 
to reveal a report of similar cases. By per- 
sonal communication from Dr. Noemi 
Cremer we have data on a similar child fol- 
lowed in Brussels, Belgium.? It is strongly 
suspected that such cases are occurring 
sporadically wherever leukemic patients 
are surviving for a significant length of 
time. We also suspect that dementia 1s con- 
sistently associated with this form of corti- 
cal damage. 


SUMMARY 


Two cases of ALL (acute lymphocytic 
leukemia), both in long-term remission, de- 
veloped a gyriform pattern of brain calcifi- 
cation during treatment for CNS (central 
nervous system) complications, on a treat- 
ment regimen which included: prednisone, 
vincristine, methotrexate and irradiation. 

Cerebral angiography and brain biopsy 
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were obtained in one. The calcium was Philadelphia, 1966. 


closely related to vascular structures. . DiCuiro, G., and Linpcren, E. Radiographic 
: findings in 14 cases of Sturge-Weber syndrome. 
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ROENTGEN FINDINGS OF PSEUDO-HURLER 
POLYDYSTROPHY IN THE ADULT, 
WITH A NOTE ON CEPHALO- 
METRIC CHANGES 


By I. AVIAD, M.D.,* 


p c polydystrophy has 
been recently described in detail,55: 
This syndrome, which was mentioned by 
Spranger and his co-workers under the name 
of mucolipidosis III*!° shows multiple 
skeletal defects. Of the 16 cases reported in 
the literature to date,579? 1 was an adult, 
and in the addendum to the paper by 
Melhem eż al. a 25 year old man with 
pseudo-Hurler polydystrophy is reported 
in detail, along with accompanying roent- 
genograms; all the others were children or 
adolescents. 

The roentgen findings described in this 
syndrome are variable*9.9:3 and are con- 
sidered not to be sufficiently characteristic 
to permit the establishment of the diagno- 
sis on such grounds alone.? 

The 2 patients reported here, a brother 
and sister, are adults in their twenties. 
They have the clinical and roentgen fea- 
tures previously described with this syn- 
drome and, in addition, several other find- 
ings that have hitherto not been described. 


REPORT OF CASES 


Case 1. This patient was a 28 year old, heavy 
set, 146 cm. tall male, married and father of 4 
-normal children. He was brought to our atten- 
tion because of severe low back pain, a painful 
gait, and progressive limitation of motion in 
the right hip joint. He was of normal intelli- 
gence. He had coarse facies and thickened skin 
folds. 
The heart sounds were normal with a blowing 
systolic murmur Grade I/IV at the apex and 
over the anterior axillary line. The heart was 
not enlarged and the electrocardiogram was 
normal. 


H. STEIN, M.D.,t and Y. ZILBERMANt 


JERUSALEM, ISRAEL 


The abdomen was soft; a small umbilical 
hernia with a wide neck, as well as surgical 
scars from previous repairs of bilateral inguinal 
hernias, were found. The liver, which was pal- 
pated 2 cm. below the costal margin, was firm, 
smooth and not tender. The spleen was not 
palpable. 

The musculoskeletal system revealed numer- 
ous abnormalities. The neck was short and the 
hands were broad, with flexion contractures of 
all the distal interphalangeal joints. Both 
wrists were in positions of 15° ulnar deviation 
and had a range of palmar flexion of only 25°. 
The muscles of the thenar eminence showed 
extensive wasting and the distal interphalang- 
eal joints had a range of movement limited 
between 15° and 50°. Both elbows had a full 
range of flexion and extension, but the supina- 
tion/pronation range of movement of the fore- 
arm was restricted. The range of movement in 
both hips was restricted and painful. The right 
hip had a 25° flexion adduction contracture 
which caused a 2.5 cm. shortening of the right 
lower limb. 

Although the detailed clinical and biochem- 
ical findings were reported elsewhere, it 
should be briefly mentioned that the urinary 
mucopolysaccharides were not increased. 

On slit lamp examination, a diffuse corneal 
clouding was observed, without gross corneal 
opacity. 

The roentgen examinations 
follows: 

Spine. There was loss of the physiologic 
lordosis in both thoracic and lumbar spine, 
with wedging of the lower thoracic and upper 
lumbar vertebrae. There were irregularities of 
the end plates of the vertebral bodies, while 
the intervertebral spaces were well preserved 
(Fig. 14). A slight scoliosis to the left of the 
upper lumbar spine was noted. The oar-shaped 


revealed as 


* Department of Radiology, Hadassah University Hospital, Jerusalem. 
1 Department of Orthopedics, Hadassah University Hospital, Jerusalem. 
t Department of Orthodontics, Hebrew University-School of Dentistry, Jerusalem. 
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Fic. 1. Case 1. (4) Lateral roentgenogram of dorsolumbar spine. Absence of lordosis, wedging of lower dorsal 
and upper lumbar vertebrae, and irregularities of the end plates. The intervertebral space is well preserved. 
(3) Anteroposterior roentgenogram. Slight scoliosis of the upper lumbar spine to the left. Characteristic 


oar-shaped ribs. 


form of the lower ribs was prominent (Fig. 1B). 
The dens was absent causing atlanto-axial sub- 
luxation (Fig. 2). 

Pelvis. There was a definite flaring of the 
iliac wings with prominence of the anterior 
inferior iliac spines. The right femoral head was 
flattened, irregular with increased density, and 
there was irregularity of the acetabulum. The 
left hip was dysplastic with a shallow acetabu- 
lum. These features indicate probably osteo- 
arthritis (Fig. 3). 

Long bones. The humeral head was small, 
flattened with a shortened neck. The corticalis 
was thickened. The proximal end of the tibiae 
hac thickened borders with cyst-like defects. 
The left medial femoral condyle showed signs 
of osteochondritis dissecans (Fig. 4, Z and B). 

Hands. Claw hands with irregular defects of 
the distal ulna on the right were found. There 
was a nonunion of the styloid of the radius bi- 


laterally, and short metacarpals were present, 
with narrowing of their distal ends. The prox- 
imal phalanges were similarly short and cone 
shaped. The scaphoid and lunate were hypo- 
plastic. Radial deviation at the wrists and ulnar 
deviation at the metacarpo-phalangeal joints. 
were present (Fig. 5, // and B). 

Chest. On the posteroanterior roentgeno- 
gram the heart and lungs appeared normal. 
The clavicles were short and widened with dis- 
tortion of the typical S-shape appearance (Fig. 
6). The inferior margin of the acromion was 
concave (no arthritic changes in the shoulders). 
On barium swallow study, a typical imprint on 
the esophagus, indicating a left aberrant sub- 
clavian artery, was demonstrated (Fig. 7, 4 
and B). The skull was normal. 


Case 11. This patient is the 20 year old sister 
of the male described above. She was 148 cm. 
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tall, heavy set, with coarse facies and thickened 
skin folds similar to her brother’s, but to a 
lesser degree. She was single, of normal intelli- 
gence and had no clinical complaints. 

The heart examination revealed normal 
sounds with a systolic murmur Grade I/IV 
over the precordium and at the apex, where it 
was most pronounced. The electrocardiogram 
was normal. The abdomen was soft; the liver 
and spleen were not palpable. A small umbilical 
hernia was found. 

Musculoskeletal examination showed no im- 
pairment of joint motion. Nevertheless, careful 
inspection of the upper extremities revealed 
diffuse enlargement of the distal radius and 
ulna with a slight ulnar deviation of the wrist, 
wasting of the thenar eminence (less than in the 
brother) and diffuse thickening of the soft 
tissues around the distal interphalangeal joints 
of the fingers. 

The detailed clinical and biochemical find- 
ings were reported elsewhere.!:!2 

The roentgen examinations revealed as fol- 
lows: 

Spine. There was scoliosis to the right in the 
lumbar region (Grade 1 spondylolisthesis Li 


Fic. 2. Lateral roentgenograms of upper cervical 
spine. Atlanto-axial subluxation. 
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Fic. 3. Roentgenogram of the pelvis. Flared iliac 
wings with prominence of the anterior inferior 
iliac spines. The right femoral head is flattened and 
irregular with increased density. There is irregu- 
larity of the acetabulum. The left hip is dysplastic 
with shallow acetabulum. 


51), with irregularities of the vertebral end 
plates (Fig. 8, 4 and B). Oar-shaped ribs were 
prominent. The dens was absent without 


atlanto-axial subluxation or dislocation (Fig. 9). 
Pelvis. Cyst-like defects were detected both 
in the ischial bones and in the femoral heads. 
The hip joints were normal (Fig. 10). 
Long bones. Small and flattened humeral 





Fic. 4. (4 and B) Anteroposterior roentgenograms of 
the knees. There are cyst-like defects with thick- 
ened borders in the proximal ends of both tibiae. 
The articular space and surface are normal. There 
are beginning bilateral degenerative changes of 
the lateral aspect of the distal femora. 
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Fic. 5. (4 and B) Anteroposterior roentgenograms of the hands and wrists. The distal end of the forearms is 
short and plump. There are irregularities with cyst-like defects in the distal end of the right ulna. The 
scaphoid and lunate are hypoplastic, with increased distance between them. There is radial deviation at 
the wrists and ulnar deviation at the metacarpophalangeal joints. There is bilateral nonunion of the sty- 
loid of the radius. The metacarpals are short, with cone-like narrowing of their distal ends. There is a 


similar appearance of the proximal phalanges. 


heads were present (Fig. 11). The tibiae and 
femora showed no roentgen abnormalities. 

Hands and feet. There was loss of normal con- 
tour of the distal forearms, and cyst-like defor- 
mities in the carpal bones, more prominent on 
the left, were noted. The first metacarpals were 
disproportionally short. There was cone-shaped 
narrowing of the distal end of the phalanges 
(Fig. 12, 4 and B). In the feet, the size and 
shape of the metatarsal bones and phalanges 
appeared normal. 

Chest. On the posteroanterior roentgenogram 
the heart and lungs appeared normal. The 
clavicles were short and widened with distor- 
tion of the typical S-shape appearance. The 
skull was normal. 


FULL MOUTH ROENTGENOGRAMS 


Full mouth roentgenograms were ob- 


tained of both siblings. The cephalometric 
roentgenogram mav show the harmony 
and balance of the component parts of the 
face; £e, the skeletal framework, the, 
teeth, and the overlying musculature.” For 
the cephalometric roentgenograms the 
Broadbent-Bolton Roentgenographic Ceph- 
alometer was used, and measurements 
were made from acetate tracings of the 
headplates. 

The full mouth intraoral roentgenograms 
of both siblings showed no particular signs 
of metabolic disturbance. The cortical 
plates were of normal thickness, the borders 
of the maxillary sinuses were visible, as 
was the lamina dura of the tooth sockets. 
The films of the sister showed congenitally 
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Fic. 6. Posteroanterior roentgenogram of the chest. 
Both clavicles are short and widened, with loss of 
the typical S-shape appearance. The inferior mar- 
gin of the acromion is concave. The heart and 
lungs are normal. (Note the oar-shaped appear- 
ance of ribs.) 
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Fic. 7 (4 and B) Barium swallow study of the 
esophagus. There is a definite imprint upon the 
upper thoracic esophagus which is consistent with 
a left aberrant subclavian artery. 








Fic. 8. Case 11. (4) Anteroposterior and (B) lateral roentgenograms of the dorsolumbar spine. There is 


scoliosis to the right in the lower lumbar spine and spondylolisthesis of Ls—S1. There are slight irregularities 
of the end plates, with absence of anterior. superior epiphysis in the lower lumbar vertebrae. (Note oar- 


shaped lower ribs.) 
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Eic. 9. Anteroposterior roentgenogram of the upper 
cervical spine through the open mouth. There is 
absence of the dens. 


missing maxillary third molars | (£18) 
anly. 

Figures 13 and 14 are the acetate trac- 
ings made from the headplates. The trac- 
ings of the brother (Fig. 13) show a f:cial 
end dental mandibular prognathism. ' his 
condition is not very clear in the tracing 
cf the sister (Fig. 14), due to the open dite 
tiat extends forward from the second 
mandibular molar on each side. The atzpi- 
cal folds of the skin of both siblings are 


cemonstrated on the tracings. 





Fac. 10. Roentgenogram of the pelvis. There are 
cyst-like defects in the head of the femur and »oth 
Ischia (arrows). The articular spaces and sur aces 
are normal. 
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Comparison between the cephalometric 
data of the brother and sister showed that 
these were very similar in both sibs. These 
measurements did not present a fixed pat- 
tern, but varied within the extreme range 
of the normal limits. This is represented in 
a graphic way, using Io measurements of 
Down's analysis, plotted on the polygon 
proposed by Vorhies and Adams (Fig. 15). 

In the brother, although the mandible is 
protruded, the chin is only slightly de- 
veloped, as can be seen from the “chin 
button” measurements. The latter mea- 
sures only 2 mm., while the ‘mean’ normal 
is 3 mm. The reverse would have been ex- 
pected here (Fig. 13). 

The chin button is the distance between 


Pg and the N-B line (Fig. 13). 


DISCUSSION 


The roentgen findings of the 2 described 
siblings have many features similar to the 
syndrome described by Maroteaux and 
Lamy? as pseudo-Hurler polydystrophy 
and summarized by Spranger and Wiede- 
mann as mucolipidosis II." 

Of the 16 patients with this syndrome 
described in the medical literature, only 1 
was an adultj? while the others were either 
children or adolescents. The roentgen find- 





Fic. 11. Roentgenogram of the right shoulder. The 
head of the humerus is small and flattened. The 
clavicle is short and widened. 
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Fic. 12. (4 and B) Roentgenograms of the upper extremities. There is loss of normal contour of the distal 
forearm. There are cyst-like deformities in the carpal bones, more prominent on the left. There is bilateral 
osteoporosis of the carpal bones. There are short metacarpals and phalanges, with beginning of narrowing 


of their distal ends. 


ings in children affected by this syndrome 
have recently been described by Melhem 
et al.’ as being variable and not sufficiently 
characteristic to permit diagnosis on roent- 
genologic grounds alone. 

It is possible that some of the skeletal 
findings detected in our patients, and which 
were not described by others, are related to 
their adult age. These findings include 


lordosis of the upper lumbar spine, short 
and plump tubular bones with cyst-like 
defects in their distal ends, as well as cyst- 
like defects found in some of the carpal 
bones. These cyst-like defects may be re- 
lated to the degenerative changes found in 
the synovial joints. 

The odontoid process was absent in 
both patients, the clinical and roentgen 
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Fic. 13. Cephalometric tracing of Case 1 showing mandibular prognathism. 


signs of C1—C2 subluxation becoming evi- 
dent in the brother only. 

The barium swallow was administered as 
part of the cardiac study and revealed a 
definite posterior imprint upon the upper 
thoracic esophagus, indicating a left aber- 
rant subclavian artery. Whether or not this 
finding is a part of this syndrome remains to 
be established. The presence of an adcition- 
al valvular lesion as described by Steinbach 
et al. can only be ascertained by cardiac 
catheterization and  angiocardiographic 
studies. 

The shape and size of the skull of both 
brother and sister were normal. 

The clinical impression of mandibular 
prognathism was substantiated by the 
cephalometric studies. The cephalometric 


roentgenogram has the potentiality to show 
the harmony and balance of the component 
parts of the face; z.e., the skeletal frame- 
work, the teeth, and the overlying muscula- 
ture.? The development of this method was, 
made possible by the extensive research 
work done by tracing, measuring and com- 
paring dozens of planes, angles and dimen- 
sions on standardized head roentgeno- 
grams. From these observations a concept 
gradually evolved of what constitutes ac- 
ceptable balance and harmony of the com- 
ponent parts of the face.’ 

The most frequently used cephalometric 
analyses rely on measurements. When a 
facial deformity is clearly apparent clini- 
cally, it is to be expected that at least some 
cephalometric values will differ from aver- 
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Fic. 14. Cephalometric tracing 


age "norms." Mandibular prognathism is a 
facial disfigurement in which the lower por- 
tion of the face appears unduly prominent 
and the teeth are in a Class II (Angle) 
malocclusion. Horowitz‘ pointed out that, 
when each cephalometric: measurement is 
evaluated independently, it becomes diff- 
cult to determine the relative importance 
of any particular variable in separating 
the deformity group from the control 
group. | 

Almost all measurements of both sib- 
lings fall within the ranges of normal sub- 
jects, but by analyzing combinations of 
measurements, mandibular prognathism 
(especially of the brother) is evident. 

Some of the discrepancies in measure- 
ments can be ascribed to the fact that the 
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of Case 11 showing the anterior open-bite and the tendency 
to mandibular prognathism. | 


sister exhibited an anterior open-bite. Had 
this not been present, the measurements 
would have conformed more closely to 
those of the brother. 

The effects of a disease in which skeletal 
involvement may be a feature, as in meta- 
bolic disturbances, may be manifested by 
accelerated or retarded development and 
rate of eruption of teeth, structural defects, 
changes in trabecular pattern, and forma- 
tion: of lesions of the supporting bone.” 
Changes that may be seen in full-mouth 
periapical roentgenograms are: 

I. -Alteration in the thickness of the cor- 
tical plates. 

2. Disappearance of the narrow radi- 
opaque lines that represent the borders of 
the maxillary sinuses and nasal fossae. 
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Fic. 15. Ten cephalometric measurements of both 
siblings plotted on Down’s polygon, presenting 
the similar atypical facial pattern of both pazients. 


3. Disappearance of the lamina dura 
that delineates the normal tooth sockets." 

It is noteworthy that in the here de- 
scribed 2 patients, affected by a storage 
disease of which the basic enzymatic cefect 
still awaits elucidation, the full.mouth 
roentgenograms did not reveal any signs 
of metabolic disturbances. 

Although the roentgen findings in 
pseudo-Hurler polydystrophy are var:able, 
from the skeletal changes described by 
diferent authors regarding this synd-ome, 
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a pattern emerges that may permit the 
differentiation of mucolipidosis III from 
other mucolipidoses and certain mucopoly- 
saccharidoses on roentgenologic grounds. 
Nevertheless, for a definite diagnosis the 
correlation of the clinical, laboratory and 
roentgen findings is imperative. 


SUMMARY 


The roentgen findings of 2 adult siblings 
affected by pseudo-Hurler polydystrophy 
(mucolipidosis III) are described. 

These include: mandibular prognathism; 
absence of dens; short and wide clavicles; 
short and plump tubular bones with 
cyst-like defects in their distal ends; claw 
hands with nonunion of the styloid of the 
radius; and oar-shaped ribs. The findings in 
the spine include irregularities of the verte- 
bral end plates and slight scoliosis. 

Although a pattern of the roentgen find- 
ings in this syndrome emerges from the 
literature and the here published data, 
laboratory and roentgen findings are neces- 
sary for a specific diagnosis. 


I. Aviad, M.D. 

Department of Radiology 
Hadassah University Hospital 
P.O.B. 499 


Jerusalem, Israel 
REFERENCES 


1, Berman, E. R., Yarziv, S., and Srein, H. 
Pseudo-Hurler polydystrophy (mucolipidosis 
III). 2. Biochemical and tissue culture studies. 
To be published. 

. Down, W. B. Variations in facial relationships: 
their significance in treatment and prognosis. 
Am. F. Orthodontics, 1948, 34, 812-840. 

. Down, W. B. Analysis of dentofacial profile. 
Angle Orthodontics, 1956, 26, 191-212. 

4. Horowitz, S. L. Challenge of facial deformity. 

Dent. Pract., 1972, 22, 191-202. 

t. Lancer, L. O., Jr., KRONENBERG, R. S., and 
GonLiN, R. J. Case simulating Hurler syn- 
drome of unusual longevity, without abnormal 
mucopolysacchariduria. 4m. J. Med., 1966, 
40, 448-457. 

6. Maroreaux, P., and Lamy, M. La pseudopoly- 
dystrophie de Hurler. Presse méd., 1966, 74, 
2889-2892. 

. Mckusick, V. A. Mendelian Inheritance in Man. 
Third edition. Johns Hopkins Press, Baltimore, 


1971, p. 458. 


to 


C 


N 


66 I. Aviad, H. Stein and Y. Zilberman 


8. MELHEM, R, Dorst, P. J., Scorr, C. I., and 
Mckusick, V. A. Roentgen findings in muco- 
lipidosis III. Radiology, 1973, 706, 153-160. 

9. SPRANGER, J., WIEDEMANN, H-R., Torksponr, 
M., Graucos, E., and Caesar, R. Lipo- 
mucopolysaccharidose: Eine neue Speicher- 
krankheit. Ztschr. Kinderh., 1968, 703, 285- 
306. 

10. SPRANGER, J. W., and Wiepemann, H-R. Gene- 
tic mucolipidoses. Humangenetik, 1970,9, 113- 


139. 


SEPTEMBER, 1974 


11. SraFNe, E. C. Oral Roentgenographic Diagnosis. 
Second edition Chapter 18. W. B. Saunders 
Company, Philadelphia, 1967. 

12. Sremn, H., Berman, E. R., MERIN, S., SCHESKIN, 
Y., and Conen, T. Pseudo-Hurler poly- 
dystrophy (mucolipidosis III). 1. Clinical 
study of two adult siblings. To be published. 

13. SrEiN BACH, H. L., Precer, L., WiLLiams, H. E., 
and Conen, P. Hurler syndrome without ab- 
normal mucopolysacchariduria. Radiology, 


1968, 90, 472-478. 





VoL. 122, No. I 


IHE FEASIBILITY OF THE PA PROJECTION FOR 
TOMOGRAPHY OF THE PETROUS BONE* 


SIGNIFICANT REDUCTION IN RADIATION DOSE 
IO THE LENS OF ‘THE EYE 


By PAUL BERGER, M.D., SUSAN GILDERSLEEVE, R.T., 
and ANDREW POZNANSKI, M.D. 
ANN ARBOR, MICHIGAN 


"T HE possibility of cataract formation 
makes reduction of dose to the sens of 
the eyes of children worthwhile. The pur- 
pose of this study is to determine how 
much the eye dose can be reduced by using 
the PA (posteroanterior) rather than the 
AP (anteroposterior) projection in linear 
tomography of the petrous bone, znd to 
what extent this projection is feasible when 
examing children. 


METHOD 


Lithium fluoride thermoluminescent do- 
simeters were placed as close to the lower 
eyelid as possible in 2 groups of patients. 
Both petrous bones were examined cn each 
cut. Roentgenographic factors wer2: 200 
mas.; 62 to 67 kv.; Par Speed screeas and 
RPL Kodak film; 2 mm. Al filtration; and 
40 inch focal film distance. The fied size 
was 12 cm.X 5 cm. and a 12:1 Bucky grid 
was used. 

Group I consisted of 3 children, each of 
whom had 6 linear tomographic cuts in the 
AP projection, as well as a single Towne 
view, and a right and left Law projection. 

Group IT consisted of 14 children, 13 of 
whom had linear tomograms made in the 
PA projection. 

The first group all had 6 tomographic 
cuts and the second group 3 to 9 cus; 8 of 
the 13 children had had 6 exposures each 
(Table 1). One child in Group II was 4 
months of age and due to lack of ceopera- 
tion was examined in the AP prosection. 
Because of the size, 100 mas. was used 
rather than 200. 

The lithium fluoride dosimeters were 
calibrated, based on an exposure of controls 


to cesium 137, corrected to an effective 
energy of 25 kev. The precision was ap- 
proximately plus or minus 5 per cent. 
Prior to beginning tomography the tech- 
nician emphasizes to the children the im- 
portance of lying still during the procedure. 
The child is then placed in the prone posi- 
tion with forehead and nose touching the 
table. The head is immobilized between 2 
weighted blocks. Occasionally a foam rub- 
ber padding is placed beneath the forehead, 
but most often this was unnecessary. The 
child is given encouragement during the 
procedure and the importance of lying still 
is re-emphasized. Tomographic cuts are 
then obtained as for the AP projection. 


RESULTS 


We have found that most children can 
and will cooperate very well during tomog- 
raphy. We find that in about 80 per cent of 
children seen at our hospital the PA pro- 
jection can be easily used. 

Dosages to the eye following AP projec- 
tion are listed in Table 1 and range from 3.6 
to 11.2 rads. Case 6 was the 4 month old 
infant, in whom a lower exposure was 
needed. The reason for the relatively lower 
dose in Case 1 is not known, but it may 
have been that the dosimeter was at the 
edge of the field. 

The dose to the eye in children examined 
in the PA projection was markedly lower 
than in the AP, ranging from so millirads 
to a maximum of 340 millirads with most 
readings between 100 and 300 millirads. 
From these data it appears that the eye 
dose 1s 30-50 millirads per linear tomo- 
graphic exposure in the PA projection. 


* From the Department of Radiology, C. S. Mott Ch Idren’s Hospital, University of Michigan Medical Center, Ann Arbor, Michigan. 
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TABLE I 


DOSAGE TO THE LENS FOLLOWING 
AP AND PA LINEAR TOMOGRAPHY 











Direction of No. 
Case Beam AP | Tomographic Dese 
or PA Cuts (mead) 
Group I 

I AP 6 3,650 

2 AP 6 11,200 

3 AP 6 10,600 

Group 2 

4 PA 6 180 

5 PA 4 50 
*6 AP 6 4,000 
7 PA 6 140 

8 PA 6 220 

9 PA 6 140 
IO PA 6 240 
II PA 6 290 
I2 PA f. 310 
13 PA 6 240 
14 PA 5 130 
15 PA 6 140 
16 PA 9 340 
17 PA 3 IIO 


* Exposure factors of 4 month old child 58 kvp. and 100 mas. 
AP — anteroposterior; PA = posteroanterior. 


DISCUSSION 


Linear tomography of the petrous bone 
is part of the routine evaluation of sus- 
pected abnormalities of the middle and 
inner ear at the C. S. Mott Children's 
Hospital. Although tomography with hypo- 
cycloidal or other complex motion provides 
best delineation of the petrous bone, it is 
not readily available in many hospitals. We 
have found that linear tomography can 
provide satisfactory detail, particularly in 
children. 

It has been shown that lens opacities may 
occur in animals from a single dose of 15 
rads, although the cataractogenic dose in 
humans is probably higher.* The dose to 
the lens with AP hypocycloidal tomogra- 
phy can be significantly reduced with eye 
shields. Chin eż 2/.! showed a drop from 1o r 
to 1 r, while Krohmer? for 3 tomographic 
cuts showed a 6 fold drop from 4.4 r. Un- 
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fortunately, eye shields cannot be used in 
linear tomography since they produce ghost 
shadows which obscure the region of the 
middle and inner ear. 

A much simpler method in reduction of 
dosage is by the use of the PA rather than 
the AP projection. This concept is rather 
obvious and was remarked by others, ?' 
although PA tomography has rarely been 
used because of inconvenience. However, 
we have found that most children can and 
will cooperate very well during tomography 
and in about 80 per cent of children seen in 
a children's hospital this projection can 
easily be used. 

The total dose to the lens following the 
entire PA tomographic examination was 
usually between 100-300 millirads or a re- 
duction by a factor of at least 20-30 X when 
compared to similar examination when 
done in the AP projection. This radiation 
dose is less than the dose to the lens from a 
single AP roentgenogram of the skull. 

There was no difference in the quality of 
the film obtained using PA versus AP pro- 
jection. The 20-30 fold reduction in dosage 
to the lens certainly makes the PA projec- 
tion worthwhile. In the few children who 
are uncooperative and who will not tolerate 
this position, sedation may be indicated. 


SUMMARY 


PA view during linear tomography of the 
petrous bone can easily be used in about 
80 per cent of children. 

This results in a 20-30 fold reduction in 
dosage to the lens when compared to the 
AP view. Dose to the lens with 6 cuts in 
the PA projection is less than from a single 
AP roentgenogram of the skull. 

It is strongly recommended that the PA 
projection be used during linear tomogra- 
phy of the petrous temporal bone in all 
children and adults whenever possible. 


Andrew Poznanski, M.D. 

Department of Radiology 

C. S. Mott Children's Hospital 
University of Michigan Medical Center 
Ann Arbor, Michigan 48104 
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DEJERINE-SOTTAS SYNDROME IN CHILDREN* 
(HY PERTROPHIC INTERSTITIAL POLYNEURITIS) 
. By C. V. G. KRISHNA RAO, M.D,f C. R. FITZ, M.D., and 
D. C. HARWOOD-NASH, M.D., F.R.C.P.(C) 


TORONTO, ONTARIO, CANADA 


Holt interstitial polyneu- ` 


rtis (H.I.P.), otherwise known as 
Déjerine-Sottas syndrome, i is an uncommon 
familial condition. It is characterized by 
thickening of the affected nerves due to 
hyperplasia of the nerve sheath, and may 
involve one or more of the peripheral 
nerves, spinal nerves or the cauda equina. 
If the peripheral nerves are not involved, 
diagnosis can be difficult. Myelography, 
performed when the condition is suspected, 
can prevent an erroneous diagnosis of 
Friedreich's ataxia or Charcot-Marie-Tooth 
myopathy. 

Although the condition starts in child- 
hood and is progressive, the clinical mani- 
festations are usually not apparent until 
later in life. The original case reports by 
Déjerine,! however, were of 2 patients aged 
12 and 15 years. Clinically, there 1s progres- 


sive motor and sensory neural involvement ' 


with periods of apparent remission. 

Our report is of 2 cases of H.I.P. diag- 
nosed in childhood by myelography; the 
roentgenographic findings of H. I. P. in this 
age group are presented. 


REPORT OF CASES 


Case 1. O.J., a 14 year old Caucasian girl, 
had full-term gestation with a normal neonatal 
period. At 14 months of age her gait became 
abnormal, being described as stiff, stamping 
and high-stepping. This remained so until she 
was I2 years old, when ataxia and associated 
sensory loss also developed. At 14 years of age 
she was referred to The Hospital for Sick Chil- 
dren, Toronto, for neurologic evaluation. 

' Her family history gave no other cases of 
possible H.I.P. The main neurologic findings 
were sensory loss, ataxia and nystagmus. 

Roentgenograms of the spine demonstrated 


mild scoliosis in the thoracolumbar region, with 
some widening of the upper lumbar interpedicu- 
late distances and flattening of the pedicles at 
Li-L2. 

Lumbar myelography was attempted twice. 
It was difficult to get good cerebrospinal fluid 
flow through the needle, and a small amount of 
contrast material introduced was thought to 
have gone subdural because of the very slow 
flow seen fluoroscopically. Repeat myelography 
via cisternal puncture demonstrated generalized 
thickening of the lumbar and sacral nerve roots 
and very slow flow of the contrast medium 
(Fig. 1, 4—D), both characteristic of H.I.P., as 
well as a widened lumbar dural sac. H.I.P. was 
diagnosed, although arachnoiditis or a diffuse 
tumor were considered possible alternatives. 

Complete laminectomy from Lı to L5 was 
performed. The dura was tense and non-pulsa- 
tile. On opening the dural sac, many large, 
swollen herniated nerve roots were seen. Each 
of the anterior and posterior nerve roots was 
approximately 4 times normal size, again char- 
acteristic of H.I.P. A biopsy showed prolifer- 
ating interstitial tissue outside the myelin 
sheath with thickened individual nerve fibers, 
confirming the diagnosis of H.I.P. 

The patient has been followed for the last ; 
years without any significant clinical change. 


Cast 11. A.S., a 12 year old Caucasian girl, 
had a history of “walking difficulties” and poor 
balance since infancy. She was slow in her 
milestones, having walked at 24 years. Bilateral 
genu varum deformities were treated with 
braces, and later with multiple orthopedic de- 
vices, but no improvement resulted. Gait and 
balance deteriorated slowly during the 2 years 
prior to admission to this Hospital. 

An uncle of the patient, confined to a wheel 
chair at 19 years of age, died at the age of 34, 
but further medical information could not be 
obtained. Ánother uncle was alleged to have 
had “multiple sclerosis." 


* From the Division of Neuroradiology, Department of Radiology, The Hospital for Sick Children, Toronto, Ontario, Canada. 
f Present Address: Division of Neuroradiology, Department of Radiology, Tufts-New i Medical Center, Boston, Massa- 
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Decreased power in the lower limbs, absent 
reflexes and equivocal plantar responses were 
present on examination. Sensation was de- 
creased to light touch in both lower limbs. Her 
hands became increasingly clumsy; her gait was 
ataxic. Initial diagnosis was Friedreich's ataxia. 
Lumbar puncture demonstrated slow dow of 
cerebrospinal fluid, with an abnormally raised 
protein content of 120 mg./1oo ml. A high 
cervical lesion was suspected. 

Spinal roentgenograms showed mild posterior 
scalloping of the lower thoracic and lumbar 
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Fic. 1. Case 1. (4) Plain film roentgenogram, antero- 
posterior view. There is slight widening of the 
upper lumbar interpediculate distance and flatten- 
ing of the pedicles at Lı and L2. (B) Myelogram 
shows thickened nerve roots outlined by adjacent 
contrast substance in the cauda equina region. (C) 
a thickened nerve root (arrows) as demonstrated 
at the level of T12-L1. (D) Prone lateral view after 
cisternal myelography reveals scalloping of the 
vertebral bodies with contrast material pooling 
and a thick nerve root (arrows). 
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Fig. 2. Case 11. (4 and B) Plain film roentgenograms 
show mild posterior scalloping of the lower thoracic 
and lumbar vertebral bodies. The pedicles are 
probably normal. 


vertebral bodies (Fig. 2, 4 and B). The inter- 
pediculate distances and the pedicles were 
normal. 

Myelography demonstrated a very slow flow 
of pantopaque in the subarachnoid space. 
Peculiar linear intradural extramedullary de- 
fects, mainly in the lumbosacral region, were 
noted (Fig. 2, C-F). The pantopaque column 
narrowed at the lumbar disk levels, while the 
distance between the pedicles and the pant- 
opaque column was increased. H.I.P. was diag- 
nosed and she was treated with steroids. 
Surgery has not yet been performed and thus 
the myelographic findings remain unverified. - 


DISCUSSION 


Since the original description by Déjerine 
and Sottas in 1893, 46 proven cases, mostly 
adults, have been reported in the English 
language literature.!-*97:1? Of these, 19 
were diagnosed by peripheral nerve biopsy, 
21 were found at autopsy and 7 were dis- 
covered bv myelography. The reported 
mvelographic findings in these 7 cases are 
shown in Table r. 

Associated bone changes in the vertebral 
column occur, apparently due to pressure 
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Fic. 2. Case 11. (C and D) Myelograms reveal thickened nerve roots outlined by the pantopaque column 
adjacent to it in both prone (C) and supine (D) views, which is not commonly seen. Transverse bar defects 
are also present. There is increased distance between the pedicle and the pantopaque column due to thick- 
ened nerve roots (arrows). (E and F) The thickened nerve roots are well visualized in the oblique views 
as they exit (arrows). 


from the enlarged nerve roots or from the 
entrapped cerebrospinal fluid. These bone 
changes are: (1) posterior scalloping of the 
vertebral bodies;? (2) increase in the inter- 
pediculate distances; (3) triangulation of 
the pedicles with flattening of the superior 
aspect of the pedicle at the level of the 
hypertrophied nerve roots and erosion of 
the medial aspect of the pedicle, all due to 
pressure from these roots; and (4) diffuse 
enlargement of the spinal canal, especially 
in the lumbar region. By themselves, each 
of these findings do not necessarily indicate 
H.I.P. and may not be present in child- 
hood. Conversely, all are present in adults.? 
In the 2 children here reported, not all the 
above bone changes were present. 


MYELOGRAPHY 


The principal myelographic findings are: 
(1) linear parallel radiolucencies due to 


thickened nerve roots; (2) displacement of 
the pantopaque column medially, thus in- 
creasing the distance between the oil col- 
umn and the medial aspect of the pedicle; 
and (3) bizarre pooling of the contrast 
medium in gutters between large hyper- 
trophied nerves. At lumbar puncture, good 
cerebrospinal fluid flow is difficult to obtain 
and subsequent recovery of pantopaque 1s 
hindered by contrast material being en- 
trapped between the hypertrophied nerve 
roots. The flow of pantopaque is slow in the 
subarachnoid space and is occasionally 
blocked. 

These myelographic appearances are 
characteristic enough to diagnose H.I.P. 
without the necessity of surgical biopsy. 
Redundant nerve roots, however, may oc- 
casionally produce a clinical picture re- 
sembling H.I.P. Similar myelographic find- 
ings due to large serpiginous nerve roots 
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TABLE Í 


MYELOGRAPHIC FINDINGS IN 7 PREVIOUSLY REPORTED CASES OF 
HYPERTROPHIC INTERSTITIAL POLYNEURITIS (H.I.P.) 














Method of Diagnosis 


progressive 


ae a at (ibid Pindines 
lagnosis 

Andermanne/a/.* T 30 Weakness of distal muscle group 
since age of 25; nystagmus 
since age of 22 

Bellon e a/.3 M 42 Progressive muscular weakness 
since age of 22 

Hinck and M 63 Intermittent but 

Sachdev® muscle weakness and neuro- 
sensory loss since age of 38 

Lewtas and M 26 Limping for 3 years; lower limb 

Dimant? weakness and muscle wastage; 
high protein content in cere- 
brospinal fluid (CSF); thick- 
ened peripheral nerves 

Lewtas and M 62 Lower abdomen and leg pain 

Dimant? since age of 56; weakness in 
lower limbs 

Symonds and F 55 Lower limb weakness since age 

Blackwood" of 35 

Tenner? — — — 


Myelography showed distorted spinal 
nerve roots and sleeves 

Biopsy of hypertrophied nerves 

Plain film roentgenograms showed 
bone changes 

Myelography demonstrated hypertro- 
phied nerve roots which were proven 
by biopsy 

Myelography gave evidence of thick- 
ened nerve roots with blocked CSF 
flow; there was also increased CSF 
protein content and slow flow 

Plain film roentgenograms were nor- 
mal 

Myelography demonstrated slow flow 
and partial block 

Biopsy distinctive of H.I.P. 

Cisternal myelography showed block 
at lower lumbar region near cauda 
equina 

Biopsy confirmation of H.I.P. 

Myelography demonstrated thickened 
nerve roots with blocked flow at C3 
level 

M yelography 


* Andermann ef al. reported 3 relatives of this patient: 1 was diagnosed by autopsy; the other 2 by presence of clinical signs 


and familial association. 
— Not given. 


have been reported, and some of these have 
had an associated block.** These may rep- 
resent a variation of H.I.P. with isolated 
nerve root involvement, but this 1s uncer- 
tain since no biopsies were taken. 


SUMMARY 


The occurrence of hypertrophic intersti- 
tial polyneuritis (H.I.P.) in 2 children, each 
of whom had characteristic roentgeno- 
graphic features, 1s presented. 

H.I.P. rarely presents in childhood. 

Myelography is recommended for all 
children having bizarre and progressive 
gait abnormalities, deficits in motor or 
sensory abilities, or both. These abnormali- 
ties often resemble those caused by Fried- 
reich's ataxia or peripheral neuropathy. 


However, we feel that the myelographic 
findings, taken together with the minor 
spinal changes, are quite characteristic of 
H.I.P. in this age group. 


C. V. G. Krishna Rao, M.D. d 
Division of Neuroradiology 

The Hospital for Sick Children 

555 University Avenue 

Toronto, Ontario, Canada Ms5G 1X8 
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RECENT EXPERIENCE WITH INTRATHECAL 
RADIOGOLD FOR MEDULLOBLASTOMA 
AND EPENDYMOBLASTOMA: 
A PROGRESS REPORT* 
By L. G. ANTHONY FULLER, M.D.,: EDWARD ROGOFF, M.D.,t: MICHAEL DECK, M.D.,f 
JOSEPH GALICICH, M.D.,f FERESHTEH GHAVIMI, M.D.,t SEYMOUR LEVITT, M.D.,| 
CHARLES E. SMITH, M.D.,| and GIULIO J. D’ANGIO, M.D.1 


NEW YORK, NEW YCRK AND MINNEAPOLIS, MINNESOTA 


qu cure of patients with mecullo- 
blastoma following surgery and total 
neural axis irradiation remains disappoint- 
ingly elusive for this very radioresponsive 
tumor. Five year survival rates of 25-40 
per cent have been reported." ^ 

Recurrent tumor at the primary site is 
the most frequent cause of treatment 
failure, but a number of patients also de- 
velop disease outside of the posterior fossa.® 
The spinal leptomeninges often are in- 
volved in spite of initial “prophylactic” ir- 
radiation of the neural axis to relacively 
high doses. Retreatment for recurrent 
medulloblastoma seldom results in cure, 
so that complete ablation of the tumor at 
the time of initial treatment is of para- 
mount importance. 

Increasing the dose of external irradia- 
tion runs the risk of causing central nervous 
system damage. An attempt to increase 
the dose delivered to the leptomeninges 
without running this risk has been mede by 
supplementing external irradiation. with 
colloidal radiogold (Au!?5) instilled intra- 
thecally. The rationale, technical details, 
and early results have been reported else- 
where.?^?5 Those communications detailed 
the development of the cauda equina syn- 
drome in some of the early cases treazed by 
this method. Additional experience in 6 
patients using intrathecal — radiogold 
(I.T. R.G.) is here reported. Innovatons in 


both the technique used and the dose of the 
radionuclide instilled have been made in 
the attempt to avoid the cauda equina 
syndrome. 


MATERIAL AND METHOD 


From September 1968 to May 1973, 9 
patients, 8 with medulloblastoma and 1: 
with ependymoblastoma, received I.T.R.G. 
Each patient had a craniotomy for decom- 
pression and gross tumor removal, followed 
by postoperative total neuraxis external 
beam (telecobalt 60) irradiation. In the 6 
patients treated initially by us the neural 
axis received 3,000-4,000 rads in 4 to 4.5 
weeks. The posterior fossa was supple- 
mented with an additional 50o-1,00o0o rads. 
I. T. R.G. was instilled 6 weeks thereafter. 
This was repeated, usually twice, at 6 
weekly intervals. Myelographic examina- 
tion preceded each instillation of radiogold. 

The technique employed is as follows: 

(1) The procedure is performed in the 
Diagnostic Radiology Department 
with the patient on a o^-9o" tilt 
table. Radiogold is instilled following 
myelography, with the patient's head” 
tilted 15-20? down (Fig. 1). Immedi- 
ately after the dose 1s administered, 
the table tilt is increased so that the 
patient is sharply head down. 

Each patient is comfortably sus- 
pended by the feet in a specially con- 


(2) 


* Presented at the Seventy-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, P.Q., Canada, September 
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Fic. 1. Diagrammatic representation of patient in position for the intrathecal radiogold (I.T.R.G.) 
instillation, followed by the 90° head down position. 


(3) 


(4) 


(5) 


structed body harness to facilitate 
a 90° head down position (Fig. 2). 
The go? head down position is main- 
tained for most of 60-70 minutes fol- 
lowing the instillation, with suitable 
rest periods during which the pa- 
tient is returned to the horizontal 
position. 

External monitoring by hand-held 
dosimeters during this period is used 
to ensure even distribution of the 
radionuclide throughout the sub- 
arachnoid space. 

When external monitoring indicates 
even distribution. throughout the 
spinal canal and the cranium, the 
patient 1s returned to the horizontal 
position. Thereafter, the patient lies 
in bed, but changes position every 4 
hour from the supine to the left 
decubitus, right decubitus and prone 


(6) 


(7) 


positions. This is continued over a 
£—6 hour post-instillation period. 

External scanning of the neuraxis 
24 hours after the instillation is used 


to check distribution of the I. T.R.G. 
(Fig. 3). 

The scanning is repeated 3-4 days 
later to check for any residual “‘hot 
spots" (Fig. 4, 7 and B). These find- 
ings are used when planning subse- 
quent I. T.R.G. instillations. 


RESULTS 


The patients in the study can be divided 


into 2 groups: 


A. Patients treated initially according to 


the full protocol; ;.e., 
neuraxis irradiation, and I.T. R.G. There 
were 6 such patients, 4 females and 2 males, 
with ages ranging from 2-14 years. The 
average age was 6 years. Five patients are 


craniotomy, total 
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alive and well, 42, 36, 32, 13, and 12 months 
after treatment (Table 1). The 6th, a girl, 
died of widely disseminated systendc me- 
tastases as well as recurrent intracerebral 
and intraspinal disease. She survived 38 
months following the initial diagnosis. 
One of the survivors developed right-sided 
hemiparesis after occlusion of the eft in- 
ternal carotid artery. This occured 14 
months after the second of 2 instilla-ions of 
I.T. R.G. At last follow-up, he had im- 
proved and had only slight left-sided weak- 
ness and mild aphasia, and has no ezidence 
of tumor. 

B. Patients with recurrent disease after 
external therapy. These patients were re- 
treated using both external sources and 
I.T.R.G. There were 3 such patients 
treated palliatively: 2 are knowr to be 
dead and the third has been lost tc follow- 
up (Table i1). 





Fic. 2. A patient in the 90° head down position 
following instillation of I.T. R.G 


I.T.R.G. for Medulbblastoma and Ependymoblastoma Yi 





«-d 


Fic. 3. Anterior total neural axis scan 24 hours fol- 
lowing therapeutic I.T. R.G. showing satisfactory 
distribution of the radiocolloid .(a) Intracranial 
subarachnoidal distribution; (b) basilar cisterns; 
(c) cervical subarachnoid; (d) inferior extent of 
spinal subarachnoid space. 


DISCUSSION 


The cauda equina syndrome was a 
troublesome complication in the early cases 
treated with intrathecal radiogold. No in- 
stances of this complication have been 
noted in g patients treated according to 
the method described here. One of the key 
features is the head down position main- 
tained throughout most of the period dur- 
ing and after the instillation of the radio- 
nuclide. This promotes early cephalad 
How of the radiogold away from the caudal 
sac. Because the colloidal preparation 
fixes rapidly to the parieties of the spinal 


BASILAR 
@ — ^ CISTERNS 


BASILAR 
n 3 Q — ons 
Q J-AB. n B! POST 


Fic. 4. (/4 and B) Total neural axis scan at 96 hours 
following I.T.R.G. and showing a residual “hot 
spot" in the area of the basilar cisterns. 
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TABLE | 


INITIAL TREATMENT WITH INTRATHECAL RADIOGOLD (I.T.R.G.)— 
MEDULLOBLASTOMA AND EPENDYMOBLASTOMA 











Patient and od utn Side Status sarvea] 
Gar Age (yr.) Date of Dx. | Instillations ER L : FU Dx. to 
(10 mc) R6 (Last FU) Last FU 

I F 2 11/69 | F NED 42 mo. 

2. F II 11/69 F,HA, N & Dead 38 mo. 

v. P 

3. M 4 5/70 á F NED 36 mo. 

à M” 2 12/70 2 F NED 32 mo. 
BOE 14 8/72 3 PHASE NED 13 mo. 

6. F 5 9/72 3 F NED 12 mo. 





* Diagnosis of ependymoblastoma. 


F= fever; HA= headache; N&V= nausea and vomiting; P= pain. 


NED= no evidence of disease. 
FU- follow-up. 


canal, it is essential that the radionuclide 
be prevented from pooling in the lumbar 
hollow, thus giving high dose to the strands 
of the cauda equina. An additional feature 
is a reduction in the amount of the radio- 
nuclide given on each occasion. Past ex- 
perience indicated that 2 or 3 instillations 
of 10 mc of Au!** were well tolerated, and 
this dose has become a standard. Also, in 
very young children, 2 rather than 3 in- 
stillations have been employed when the 
follow-up scans suggested a “hot spot" 
anywhere along the cranial-spinal axis. 
The reason for occlusion of the left in- 
ternal carotid artery in one of our survivors 
is unknown. No similar complication was 





encountered in any of the children treated 
with LT. R.G. in this series, or in those in 
the earlier study. It is possible that pooling 
of the radionuclide within the basilar 
cisterns may have resulted in heavy irradi- 
ation of the vessel, resulting in thrombosis, 
but the exact cause for the complication re- 
mains unclear. 

Survival data for the 10 medulloblastoma 
patients treated at the University of 
Minnesota using combined external irra- 
diation and I.T.R.G. are herein included 
and are based on the latest follow-up data 
by Smith eż al.8 Life table analysis of the 
survival in those patients, combined with 
the 5 medulloblastoma patients here re- 












































Tase II 
RECURRENT MEDULLOBLASTOMA PATIENTS—RETREATMENT WITH 
ê EXTERNAL BEAM IRRADIATION AND I.T.R.G. 
a | 
. x | Elapsed Time (mo. nm 
Patient Data No. I.T.R.G. | P sian "ES l'otal | ede 
, s ' | rys 1 € ` 
Instillations | ist Dx. to rst | I.T.R.G. to — Effects 

No. and Sex Age (10 me ea.) Recurrence Last FU MUS 

7. M II 1 (12 mc) 26 £2 (dead) 78 d 

8. M 9 3 21 9 (lost) 30 EE 

9. M 6 3 39 19 (dead) 58 $ 


I.T.R.G.= intrathecal radiogold. 





+= Local pain, nausea and vomiting, fever to 102° F. and headache. 


Vor. 122, No. 1 


v (ALIVE) 


nunviviNc 
^ 


FRGFORTIÉN 


=. M~ Ww e n 


5 iO 5 20 25 -30 35 40 45 50 = 60 
TIME FROM DX TO LAST FOLLOW-UP OR DEATH (MG) 


Fie. 5. Actuarial survival curve (15 patients). Eight 
of 12 are alive 36 months or more. (Ten pztients 
University of Minnesota Series; 5 p-tients 
Memorial Sloan-Kettering Cancer Center Series.) 


ported shows a 75 per cent projected long- 
term survival of 3 years or more (FB. 5). 
These results are encouraging, especially 
because the cauda equina syndrome ap- 
pears avoidable by use of the method here 


detailed. 


SUMMARY 


Nine patients, 8 with medulloblastoma 
and 1 with ependymoblastoma, were treated 
with intrathecal colloidal Au!®*. Six o these 
patients were treated for cure using a com- 
bination of surgery, total neuraxis i-radia- 
tion from external sources, and the intra- 
thecal radionuclide. Five of these patients 
are alive and free of disease for periods 
ranging from 12 to 42 months (32 months 
median). 

The cauda equina syndrome, a complica- 
tion encountered in some patients -reated 
earlier with intrathecal radiogold, <ppears 
to have been avoided with the use o” a new 
technique. This calls for the use of smaller 
doses of radionuclide, and prompt cephalad 
flow of the radioactive material by tilting 
the head down immediately after nstilla- 
tion of the isotope. 

A projected long-term survival (3 years 
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or more) of 75 per cent in a collected group 
of patients is encouraging. 


Giulio J. D'Angio, M.D. 

Department of Radiation Therapy 
Memorial Sloan-Kettering Cancer Center 
1275 York Avenue 

New York, New York 10021 
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AN ELUSIVE AND OFTEN UNSUSPECTED CAUSE OF 
STRIDOR OR PNEUMONIA (THE ESOPHAGEAL 
FOREIGN BODY)* 

By PLINY C. SMITH, MD. LEONARD E. SWISCHUK, M.D.,f and 
CHARLES J. FAGAN, M.D.§° 


GALVESTON, TEXAS 


no OEL foreign bodies are not 
uncommon in young children and the 
usual presenting symptoms of excessive 
drooling, poor feeding, and dysphagia are 
familiar to most generalists, pediatricians 
and radiologists. Less well appreciated are 
those children whose primary presenting 
complaints are predominantly respiratory. 
In these infants, symptoms of stridor, 
wheezing, or chronic pneumonias cause 
one to focus initial attention on the respira- 
tory tract. Esophageal symptoms, if pres- 
ent at all, may be completely overshadowed 
by the severe degree of respiratory diffi. 
culty, and, in fact, may completely elude 
the initial examiner. Failure to consider 
this possibility as a cause of respiratory 
difficulty can lead to serious complications, 
and in some cases, the unnecessary em- 
ployment of potentially hazardous diag- 
nostic procedures, such as tracheoscopy 
and bronchoscopy. This latter point is es- 
pecially pertinent, as in most cases diag- 
nosis can be made with simple and rela- 
tively innocuous radiologic examinations. 


REPORT OF CASES 


The case reports are summarized in 
Table 1. Following is a more detailed ac- 
count. ' 


Case 1. E.C. This 1; month old white male 
was well until November r1, 1971, when he had 
an episode of fever, cough and wheezing. He 
was seen, at that time, in an outlying commu- 
nity and was treated with antibiotics. How- 
ever, he never became completely symptom- 


free, and indeed, continued to have a cough, 
mild substernal and intercostal retractions, 
and noisy stridorous breathing. His family also 
related that he had been vomiting solid food 
since that time, but somehow this portion of 
the history was lost in the preoccupation with 
the respiratory problems. In addition, and 
interestingly enough, a chest roentgenogram 
was not obtained at this time. 

On admission to our hospital, ; months after 
the initial episode, physical examination re- 
vealed bilateral, diffuse ronchi, and mild in- 
spiratory stridor. Suprasternal and intercostal 
retractions were again present. The admitting 
diagnosis was a vascular ring, although an 
airway foreign body was also a consideration. 
The possibility of an esophageal foreign body 
producing these symptoms was stil not in- 
cluded in the list of diagnostic possibilities. 

Roentgenographic examination showed a 
normal chest roentgenogram except that the 
mid portion of the tracheal air column was 
poorly defined, and perhaps somewhat dis- 
placed to the left (Fig. 1). A lateral view of the 
neck in deep inspiration showed overdistention 
of the pharynx, hypopharynx, and upper 
trachea. Below the level of the manubrium, the 
tracheal air column again appeared obliterated 
(Fig. 2.4). A lesion around the mid-trachea was 
suspected, but 1t was not until a forcibly ex- 
tended view of the neck was obtained (this is 
most important) that a plastic button was 
identified in the esophagus (Fig. 28). Localized 
soft tissue swelling around this area was clearly 
producing narrowing of the adjacent tracheal 
airway. Subsequent barium swallow confirmed 
the presence of the button in the esophagus, 
but, in addition, showed a deep anterior ulcera- 
tion (Fig. 3). This deep ulcer, and its surround- 


* Presented at The Seventy-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, P. Q., Canada, September 
25—28, 1973. A Scientific Exhibit on the same subject was awarded the Gold Medal (see Vol. 779, p. 639). - 
From the Departments of Radiology and Pediatrics, University of Texas Medical Branch, Galveston, Texas. 
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Unsuspected Cause of Stridor 8I 


TABLE | 


SUMMARY OF CASES 














Case A Presenting Duration of Esophageal Type of Diagnosis 
No. ^6 Symptoms Symp»oms Symptoms Foreign Body Established 
I. 14 mo. Persistent cough and g mo. Vomited solid Plastic button With lateral neck roent- 
stridor foods genogram 
II. gomo. Stridor 24a. Poor feeding Plastic toy With lateral neck roent- 
genogram and barium 
swallow 
III. 21mo. Stridor 2hr. None 2 pennies With lateral neck roent- 
genogram 
IV. 4yr. Pneumonia 4mo. None Key chainsnap With chest roentgeno- 
gram 
V. 13mo. Recurrent pneumonia 3-4 mo. None Metal clip With chest roentgeno- 


ing inflammatory reaction, was located in the 
area of tracheal narrowing. 

Esophagoscopy was subsequently performed 
and the button was found at the level of the 
cricopharyngeus muscle. It was removed, the 
paraesophageal inflammation subsided. and the 
patient made an uneventful recove-y. Two 
months after this episode, repeat barium swal- 
low showed a persistent ulcer, but the patient 
was asymptomatic. 


Case u. M.J.S. This 9 month cd white 
female was well until 10 A.M. on the day of her 
admission to John Sealy Hospital. At hat time 
she was playing on the floor and ceveloped 
acute respiratory distress with stridorous 
breathing. Physical examination in tae Emer- 
gency Room revealed marked higk pitched 
inspiratory stridor without an expirasory com- 
ponent. She was admitted with the tentative 
diagnosis of upper airway obstruction secon- 
dary to a laryngeal foreign body and underwent 
emergency laryngoscopy and bronchcscopy. At 
this time no intraluminal tracheal or laryngeal 
foreign body was demonstrated, but t was the 
laryngoscopist’s opinion that the trachea was 
deviated to the right and that a mediastinal 
mass was present. Chest roentgenog-ams were 
obtained prior to laryngoscopy, but were inter- 
preted by nonradiologists. Although abnormal, 
they were interpreted as being normal (Fig. 4). 

Two days later the infant again developed 


gram 





severe inspiratory stridor and a radiologic con- 
sultation was obtained. The chest roentgeno- 
gram illustrated in Figure 4 was reviewed, and 
it was determined that the mediastinum was 
wider than normal and that the trachea was 
indeed displaced to the right. In addition a 





Fic. 1. Case 1. Chest roentgenogram is near normal, 
except that the tracheal air column is obliterated 
midway between the larynx and the carina (ar- 
rows). This finding is quite subtle and could be 
overlooked. 
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Fic. 2. Case 1. (4) Lateral neck study with deep inspiration and moderate extension shows overdistention of 
the pharynx, hypopharynx and upper trachea. The tracheal air column is again obliterated at the level of 
the manubrium (arrows). If a laryngeal obstructing lesion was present, the upper trachea would probably 
not be distended. The fact that the upper trachea was distended suggested an obstruction at the level of the 
manubrium. (B) More pronounced extension reveals an oval, radiopaque disk, lodged in the upper esopha- 
gus (arrow). This subsequently was demonstrated to be a button. Such hyperextension of the neck is most 
important in the demonstration of high esophageal foreign bodies. Also note surrounding paraesophagitis 


which is leading to further compression. 


lateral view of the neck, with pronounced ex- 
tension and deep inspiration, was obtained. 
The prevertebral soft tissues were judged to be 
wider than normal (Fig. 5), and in view of the 
fact that the air column was entirely normal, 
it was decided to proceed with a barium swal- 
low examination. 

Before giving the infant some barium to 
drink, it was inquired of the mother as to 
whether she had noticed any feeding pattern 
changes in the infant. This question was asked 
because the infant seemed to be drooling. The 
mother volunteered that the infant desired to 
drink only chocolate milk since the first episode 
of stridor, and it is interesting to note that this 
bit of historical data was not elicited until 
this time. With the first swallow or two of 
barium (the infant would swallow only small 


quantities), it became readily apparent that 
an upper esophageal obstruction was present. 
A radiolucent defect in the esophagus was out- 
lined (Fig. 6) and the diagnosis of esophageal 
foreign body was made. 

Following the esophagography, esophagos- 
copy was performed and a small plastic toy was 
removed from the esophagus. Subsequent to 
this the patient did well, and it was notable that 
not only did the respiratory and esophageal 
symptoms subside rapidly, but that the initial 
mediastinal widening (mediastinal edema and 
inflammation) showed concomitant disappear- 
ance (Fig. 7). Two days later the infant was 
discharged, completely asymptomatic. 


Case rrr. N.K. This 21 month old female was 
playing with her mother's coin purse and 
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Fic. 4. Case 11. Chest roentgenogram shows moderate 
mediastinal widening and a little more than normal 
shift and deviation of the trachea to the right 
(arrows). None of these findings are strikingly 
abnormal (Ze., superior mediastinal widening 
could be due to normal thymic tissue, while simple 
right-sided tracheal deviation is a common normal 
finding in infants). 





Fic. 3. Case 1. Barium swallow confirms the presence 
of the button (B), and in addition shows .. deep 
anterior, collar button ulcer of the esophagvs (U). 
It is readily apparent how this ulcer, and tae ad- 
jacent paraesophageal inflammation preduced 
compression of the adjacent trachea. 


shortly after developed respiratory cridor 
which subsided just prior to her arrival n the 
Emergency Room. The child was turned upside 
down and spit up two pennies. However. prior 
to this maneuver a lateral neck roentgenegram 
was obtained and the 2 pennies were readily 
visualized (Fig. 8). 

There was no difficulty in making the diag- 











3» 


Fic. 5. Case rr. Lateral neck roentgenogran with 
moderate inspiration, but pronounced ex-ension 
shows some thickening of the prevertebral soft 
tissues (arrows). Over-all, the findings are not 
very striking, and yet the prevertebral soft tis- 
sues do appear thickened, especially in the retro- 
pharyngeal region. 
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Fic. 6. Case 11. (4) Barium swallow shows radiol 
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ucent filling defect (plastic toy) in zhe upper esophagus 


(arrow). The infant was unable to swallow much of the barium, and thus the foreign body is only partially 
outlined. (B) The findings were more striking during fluoroscopic examination, as shown on this spot 


roentgenogram (arrows). 


nosis in this case, but it is included because the 
initial symptoms were those of stridor. 


Case 1v. C.A. This 4 year old female pre- 
sented in January, 1969, with fever, chills, and 
a productive cough. Actually she had had a 
chronic cough for a number of weeks. Physical 
findings were those of a right upper lobe con- 
solidation, a finding confirmed with chest 
*roentgenography (Fig. 9, 4 and B). However, 
the chest roentgenogram also revealed a metal- 
lic (key chain) foreign body in the lower 
esophagus. Review of a previous roentgeno- 
gram obtained because of an injury to the 
clavicle in this infant revealed that the foreign 
body was present, but not appreciated, 4 
months earlier (Fig. 10). Indeed, the presence 
of the partially obstructing esophageal foreign 
body totally eluded clinical diagnosis at that 
time. On the present admission barium swallow 
confirmed the position of the foreign body 
(Fig. 11), and after this procedure esophagos- 
copy was performed. A metallic key chain was 


retrieved and after its removal the patient's 
course was uneventful. The right upper lobe 
pneumonia with which this infant presented 
on the current admission was believed to be 
secondary to aspiration, resulting from partial 
esophageal obstruction. 


Case v. C.M.C. This 13 month old female 
presented with a history of recurrent pneu- 
monias of several months’ duration. She was 
treated on numerous occasions for these pneu- 
monias, and was actually referred for a work-up 
of failure to thrive, possible immunologic 
deficit, or some other form of chronic pulmon- 
ary disease. 

Initial. chest. roentgenograms revealed in- 
distinct parahilar peribronchial infiltrates, but 
in addition, an opaque foreign body in the 
upper esophagus (Fig. 1277). The presence of 
this foreign body was not suspected on clinical 
grounds and was a totally unexpected finding. 
It was also visible on the lateral view, wherein 
marked anterior displacement of the upper 
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trachea, resulting from extensive inflamm: tory 
reaction around the foreign body, was also seen 
(Fig. 122). It was interesting that this 1r fant 
had so accommodated to this foreign body that 
if amy symptoms of dysphagia were present, 
they were completely obscured. The admrting 
problem was that of recurrent pneumonias. 

Esophagoscopy was performed after the -hest 
roentgenograms were obtained and a metallic 
clip was retrieved from the upper esophagus. 
Subsequent to this, the inflammatory reaction 
subsided and the infant pursued an uneventful 
course. 


DISCUSSION 


Esophageal foreign body, as a cause of 
respiratory distress in children, has been 
well documented in the otolaryngology 
literature.^459-5101243 Unfortunately, this 
problem has received far less attention in 
the radiologic and pediatric literature! ?:*:? 
and while it is true that the otolaryngolo- 
gist is frequently eventually called upon to 
treat these infants, it still remains thet the 
majority of these children are initially seen 
by pediatricians, general practitioners, and 





Fie. 7. Case rr. Chest roentgenogram obtamed 24 
hours after removal of foreign body. Note that the 
superior mediastinal widening has regresscd. The 
trachea also has returned to a more midline posi- 
tion. The decrease in mediastinal wid-h was 
probably due to subsiding paraesophageal inflam- 
mation. 
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Fic. 8. Case 111. Note 2 coins lodged in the upper 
esophagus (arrows). The initial symptoms in this 
patient were those of acute respiratory distress 
and stridor. 


their radiologic colleagues. Consequently, 
it is most important that all of these indi- 
viduals be completely aware of the fact that 
esophageal foreign bodies can cause a 
variety of respiratory symptoms, and that 
at times these may overshadow any esopha- 
geal problems. Further complicating the 
problem is the fact that potentially haz- 
ardous procedures such as tracheoscopy 
and bronchoscopy are often performed 
before more simple (and usually diagnostic) 
studies such as lateral neck roentgeno- 
grams and barium swallow roentgeno- 
grams are obtained. One can just imagine 
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Fic. 9. Case iv. (4) Chest roentgenogram showing right upper lobe pneumonia and an opaque foreign body 
visible through the cardiac silhouette (arrow). (B) Lateral view again demonstrates the opaque foreign 
body (arrow), and the position would suggest that it is in the esophagus. The right upper lobe consolida- 


tion is again visible. 


perforating the trachea in a case such as 
illustrated in Figure 2; the esophageal ulcer 
in this case was so near the tracheal wall 
that it is quite conceivable that a tracheo- 
scope or bronchoscope could have shaved 
off the cap and created a tracheal perfora- 
tion. 

Jackson and Jackson,’ in 1950, on re- 
viewing over 1,400 cases of foreign bodies 
in the air and food passages found that a 
significant number had been overlooked 
for periods ranging from 1 month to 4 
years. They attributed failure of the clini- 
eian to consider the diagnostic possibility 
of a foreign bodv as the primary reason for 
this delay in diagnosis. This experience 
was echoed by Glass and Goodman,’ who 
in 1966 reported g instances of esophageal 
foreign body producing respiratory diffi- 
culty. Eight of their 9 patients had been 
seen and treated by pediatricians and gen- 
eral practitioners for periods ranging from 
3 weeks to 1 year for such conditions as 
asthma, allergy, croup, and acute or recur- 
rent pneumonias. In none of these cases 
was esophageal foreign body considered 


by the referring physicians. Our cases, as 
well as those in still other reports?:6:7:1!—13.15.17 
reflect a similar delay in establishing the 





Fic. 10. Case 1v. Chest roentgenogram obtained in 
another institution 4 months prior to that ıl- 
lustrated in Figure 9, 4 and B. This chest roent- 
genogram was obtained because of a suspected 
clavicular fracture, but note that the opaque 
foreign body, just barely visible through the car- 
diac silhouette (arrow) was present at this time. 
However, it was completely overlooked, both 
clinically and roentgenographically. 
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correct diagnosis. Principally, this was dve 
to a failure to consider esophageal foreign 
body as a possible cause for the respiratory 
difficulty. 

The most frequent site of impaction of 
foreign bodies in the esophagus is tle 
cervical segment just below the cric» 
pharyngeus muscle. Jackson and Jacksor '? 
postulated that large objects lodge here 
because of the weakness of peristalsis 1m- 
mediately below the cricopharyngeus con- 
strictors and, to be sure, almost go per ceat 
of esophageal foreign bodies will be fouad 
at this location.? Four of our cases showed 
the foreign body to be in this locaticn. 
Other less frequent sites of lodgement n- 
clude the area of physiologic narrowiag 
caused by the left main stem bronchus as it 
cresses the esophagus and the gast-o- 
esephageal junction.” 

Initial symptoms usually produced »y 
esophageal foreign bodies include coughiag, 
choking, excessive drooling, and inabil ty 
to swallow. On a long-term basis failure to . f | 

. ifeni Fic. 11. Case iv. Lateral barium swallow confirms 
thrive may also be a problem. Ít is intersst- the presence of the foreign body in the lower 
ing that many of the initial symptoms scon esophagus (arrow). A metal key chain subse- 
subside and are followed by a relatively quently was removed from this infant’s esophagus. 








Fic. 12. Case v. (4) Frontal chest roentgenogr: m obtained because of recurrent pneumonias shows a com- 
pletely unsuspected foreign body (arrow). (2) Lateral view shows the foreign body to lie in the upper 
esophagus. There is pronounced secondary pacaesophageal inflammation which produced marked anterior 
displacement and compression of the adjacen’ trachea (arrows). 'The foreign body was a metal clip from a 
set of venetian blinds. 
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symptomless interval. Evidently the stim- 
ulus and irritation produced by the foreign 
body progressively decreases, and a point 
may be reached where no dysphagia at all 
is present.1% 11-14 The absence of dysphagia 
in these cases has been attributed to the 
diet of children in the age group most com- 
monly affected by esophageal foreign 
bodies. Most cases involve children 2 years 
of age or younger, and in these children a 
normal diet is formed mainly of liquids or 
soft foods which can pass around incom- 
pletely obstructing foreign bodies. In addi- 
tion, it is remarkable how rapidly and efh- 
ciently these infants can, by voluntary 
selection, alter their diets to accommodate 
the esophageal obstruction (i.¢., Cases 
11 and v). 

In those infants where respiratory symp- 
toms predominate one may encounter 
stridor, wheezing, findings simulating 
asthma or airway foreign body, persistent 
cough, and in ‘some cases symptoms of 
acute or chronic pneumonia. Stridor may 
result simply from direct compression of 
the trachea by large objects lodged in the 
postcricoid region, and in this regard it 
should also be noted that since the wall 
between the normal trachea and esophagus 
is thin, even smaller foreign bodies can pro- 
duce significant tracheal compression. In 
other cases compression results from para- 
esophageal inflammation or frank abscess 
formation. In rare instances direct exten- 


sion of the inflammatory process to the 


larynx and trachea can occur. 

The close proximity of the upper trachea 
to the esophagus also predisposes to 
tracheal aspiration and pneumonia. This 
can result from the obstruction produced 
by the esophageal foreign body or from 
reactive spasm of the cricopharyngeus 
muscle, Less commonly, aspiration occurs 
after tracheoesophageal fistula formation 
resulting. from deep ‘ulceration of the 
esophagus.!? 

The diagnosis of radiopaque esophageal 
foreign body is usually easily secured by 
the use of plain roentgenograms of the 
chest and neck. If the — body is radio- 


| 
| 
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jucent, secondary soft tissue changes or 
focal overdistention of the upper airway 
may lead one to suspect its presence. In 
this regard it is most important that lateral 
roentgenograms of the neck be obtained in 
all cases and that they be exposed in in- 
spiration with the neck hyperextended. If 
this rule is not adhered to, foreign bodies 
will be overlooked. Flat objects such as 
buttons, disks, coins, etc., always lie with 
their greatest diameter in the coronal 
plane of the esophagus, and thus are 
usually best seen on lateral neck or chest 
roentgenograms!? (Cases 1 and 111). 

If plain film roentgenograms fail to pro- 
vide definitive diagnosis, barium swallow 
examination may be necessary. However, it 
is usually unnecessary to employ a barium 
capsule or cotton soaked pledglet to locate 
the foreign body, for the findings of esopha- 
geal obstruction, deviation of the barium 
stream, or an actual filling defect, etc., ade- 
quately call attention to the problem. 
Following the removal of esophageal for- 
eign body, barium swallow study should be 
performed to exclude the presence of a 
predisposing stricture! or esophageal ulcer- 
ation resulting from the foreign body itself. 
This is not to say that an underlying and 
predisposing esophageal lesion is found in 
all cases (indeed, in our experience the re- 
verse is true), but rather that the status of 
the esophagus should be assessed, if not be- 
fore esophagoscopy, shortly thereafter. 


SUMMARY AND CONCLUSIONS 


Children with esophageal foreign bodies 
may present with a variety of respiratory 
symptoms and few, if any, symptoms of 
esophageal obstruction. 

Awareness of this presentation by the 
clinician and radiologist should lead to 
early diagnosis. This is most important, for 
if the diagnosis is not secured at an early 
stage, complications such as esophageal 
ulceration, esophageal perforation, chronic 
aspiration pneumonia, and failure to thrive 
can develop.. 

Early roentgenographic examination of 
the neck (lateral view with extension and 
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iaspiration). and chest is essential and 
usually all that is needed for the diagnesis. 

Barium swallow examination may be 
required in some cases, but potentzlly 
hazardous diagnostic procedures suck as 
tracheoscopy and bronchoscopy shoulc be 
avoided. 


Leonard E. Swischuk, M.D. 
Department of Radiology 
University of Texas Medical Branch 
Galveston, Texas 77550 
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CLINICAL, ROENTGENOLOGIC AND PATHOLOGIC FEATURES 


By RICHARD R. HOFFMAN, Jr., M.D.,t ROBERT E. CAMPBELL, M.D.,t 
and JOHN P. DECKER, M.D.1 


PHILADELPHIA, PENNSYLVANIA 


ULMONARY disease is the most com- 

mon cause of morbidity and mortality 
in the early newborn. Only hyaline mem- 
brane disease (HMD) exceeds fetal aspira- 
tion syndrome (FAS) as a cause for respira- 
tory distress during the first week of life. 
Whereas HMD usually affects the prema- 
ture infant, FAS primarily affects the full- 
term or postmature newborn. The dis- 
tressed, anoxic fetus in utero develops 
- FAS by aspirating amniotic debris consist- 
ing of epidermal squames, lanugo hair and 
meconium. 


| MATERIAL 
During a § year period (1968-1972), 


FAS was recognized clinically in 89 new- 


borns at Pennsylvania Hospital, a regional 
referral center for. neonatal respiratory 
distress. The 61 cases with roentgenograms 
form the basis for this study. Follow-up 
roentgenograms were obtained in the 
majority of these cases, either for verifica- 
tion of clinical improvement or for guidance 
and assistance in therapy in the presence 
of clinical deterioration. The 4 fatal cases 
with autopsies. form the basis of the path- 
ologic study. . 


CLINICAL FEATURES 


The typical infant with FAS is full-term 
or postmature, has suffered intrauterine 
distres$, and is delivered with meconium 
stained amniotic fluid. The infant de- 
velops mild to moderate respiratory dis- 
tress in the immediate postnatal period. 

Forty-seven (77 per cent) of the 61i 
infants were delivered vaginally. Birth 
weights ranged from 1,620 to 4,990 grams, 
with an average birth weight of 3,819 


grams. There were 57 males (61 per cent) 
and 24 females (39 per cent). 

Frequently, the presenting clinical sign 
of FAS 1s air-trapping with an increased 
anteroposterior diameter of the chest. This 
increased anteroposterior diameter of the 
chest alone often prompted roentgeno- 
graphic study because of its association 
with pneumomediastinum (PM) and pneu- 
mothorax (PT). The thoracic cage demon- 
strates diminished excursion and is oc- 
casionally fixed in inspiration. Ausculta- 
tion of the chest may be normal, but may 
reveal nonspecific rales or rhonchi. 

Although amniotic sac contents are 
usually sterile, prophylactic antibiotics 
are given to prevent secondary pulmonary 
infection. None of the infants in this series 
was intubated or treated with a positive 
pressure ventilator. Rapid improvement in 
12 to 36 hours, despite a high frequency of 
PM and PT, is characteristic of FAS. Only 
4 deaths occurred. 


ROENTGENOLOGIC FEATURES 


Review of the roentgenograms in the 61 
cases indicated that hyperaeration was the 
most common finding, occurring in 4o 
cases (66 per cent) (Fig. 1, 4 and B). 
Patchy areas of atelectasis and consolida- 
tion, usually bilateral, were noted in 38 
cases (62 per cent) (Fig. 2). Small pleural 
effusions, occasionally manifested only by 
thickening of the interlobar fissures, were 
evident in Io cases (16 per cent) (Fig. 3). 
The roentgenograms of 15 cases (25 per 
cent) suggested intrapulmonary interstitial 
emphysema (IIE). Since pulmonary inter- 
stitial air will not be noted roentgeno- 
graphically unless zones of atelectasis or 


* From the Departments of Radiology, f and Pathology,f Pennsylvania Hospital, Philadelphia, Pennsylvania. 
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consolidation are juxta-opposed to it, as in 
an air bronchogram, IIE is probably more 
common but not appreciated roentgea30- 
graphically. IIE is easier to discern in 
HMD than in FAS because of the enhan-ed 
roentzenographic contrast between the 
hypoaerated lungs and the pulmonary 
interstitial air. 

An impressive feature in this study was 
the high frequency of PM and PT, occur- 
ring in 27 cases (44 per cent) and Ig cases 
(31 per cent), respectively. Twelve of tLese 
cases had IIE as well. Eighteen case- of 
PT were right sided, 7 were left-sided, and 
6 were bilateral. Fifteen cases (79 per cent) 
of PT occurred in males. No cases of tension 
pneumothorax were encountered. The 
roentgenographic findings of neonatal IE, 
PM, and PT have been well described and 
illustrated previously?**? and, therewre, 
will not be repeated in this paper. 
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Fic. 1. (4) Lateral roentgenogram of a postraature newborn at 1 hour of age demonstrates hyperaeration 
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The initial roentgenograms, usually ob- 
tained within 3 to 6 hours after birth, 
always displayed the most striking ab- 
normalities. Subsequent roentgenograms 
showed remarkable clearing of the paren- 
chymal densities and significant resolution 
of PM and PT often at 12 to 24 hours of 
age (Fig. 4, 4 and B; and 5, 4 and B). 
Serial studies in several cases indicated 
that, although striking resolution occurs 
within the first day, the chest roentgeno- 
gram is usually not completely normal until 
4 to 8 days. 


PATHOLOGIC FEATURES 


Postmortem examinations were per- 
formed on 1 male and 3 female neonates, 
whose birth weights ranged from 1,620 to 
3,040 grams. Despite his low birth weight, 
the smallest infant had histologically ma- 
ture tissues. The placenta in this case was 


by an increased anteroposterior diameter œ the chest and flattened hemidiaphragms. (B) Repeat lateral 
roentgenogram 21 hours later reveals no sizn of hyperaeration. 
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Fic. 2. Anteroposterior roentgenogram of a post- 
mature newborn with fetal aspiration syndrome 
(FAS) demonstrates hyperaeration and bilateral 
pulmonary parenchymal densities. 


circumvallate and reduced in weight. Two 
infants were postmature, 5 and 15 days. 
Three were delivered vaginally and 1 was 
delivered by cesarean section because of 
cephalopelvic disproportion. Postnatal sur- 
vival ranged from 4 to 48 hours. 

Meconium staining of amniotic fluid was 
noted at delivery in all 4 cases. In 2 cases 
yellow-green fluid could be expressed from 
the cut ends of the bronchi at the hilus of 
the lung. PM was present in 2 cases. The 
„lungs were fleshy, reduced in crepitance, 
and the sectioned surfaces discolored yel- 
low-green. Pulmonary interstitial air was 
noted grossly in 1 case. Microscopy, how- 
ever, demonstrated sleeve-like perivascular 
dissection of air, often extending into the 
interlobular septa, in all cases (Fig. 6). 
Masses of folded squames occupied 50-75 
per cent of the air spaces. Eosinophilic 
staining hyaline membranes lined terminal 
bronchioles and alveoli in the 3 cases in 
which survival ranged from 29 to 48 hours 
(Fig. 7), but not in the case in which death 
occurred at 4 hours. 
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DISCUSSION 


Peterson and Pendleton? first empha- 
sized the roentgenographic characteristics 
of FAS and contrasted this pattern with 
HMD. More recently Gooding and Greg- 
ory’? have reported 75 cases in which they 
found significantly less PM and PT than 
was encountered in the present study. Air- 
trapping was reported as an uncommon 
finding in their cases. In our study, hyper- 
aeration was the most frequent roentgeno- 
graphic finding in FAS. This roentgeno- 
graphic observation 1s important in under- 
standing the pathogenesis of the complica- 
tions of FAS. The importance of air- 
trapping and IIE in the formation of PM 
and PT in HMD has recently been re- 
viewed;??$ and their role in FAS has also 
been suggested,*? but certainly not empha- 
sized in the radiologic literature. 

Schaffer and Avery! mentioned fetal 
circulatory accidents, postmaturity, and: 
placental insufficiency as causes of fetal 
distress that can lead to meconium passage 
and massive aspiration 77 utero or during 





d 1 pe s e. 2 Y : 2 
nu. cv a - 
TR = » : d - 


Fic. 3. Anteroposterior roentgenogram demonstrates 
hyperaeration, bilateral pulmonary parenchymal 
densities and a small pleural effusion (arrow) in a 
full-term newborn delivered through meconium 
stained amniotic fluid presenting with immediate 
postnatal mild respiratory distress. 
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Fic. 4. (4) Postmature infant at 1 hour of age. Tae anteroposterior projection shows intrapulmonary inter- 
stitial emphysema in the mid and lower zones >f the right lung and a nontension pneumothorax on the 
-ight. (B) Pneumomediastinum is seen in the lateral projection. 


the first few breaths. In FAS, aspirated These 2 processes developing simultaneous- 
debris in the bronchi cause areas of atelec- ly are recorded on the roentgenograms as 
tasis and consolidation. As the infant <t- patchy pulmonary densities and hyper- 
tempts to expand his lungs after birth, aeration. Air in hyperinflated alveoli abut- 
areas of alveolar overexpansion develcp. ting on the pulmonary vessels may rupture 





Fic. 5. (4 and B) Repeat roentgenograms of the same infant as in Figure 4, 4 and B, obtained 20 hours 
later demonstrate almost complete disappearence of both the pneumothorax and pneumomediastinum. 
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Fic. 6. Perivascular dissection by intrapulmonary 
interstitial emphysema. The alveoli at the left 
are packed with epidermal squames. (Hematoxy- 
lin and Eosin, 150X.) 


into the perivascular sheaths when the 
transpulmonary pressure created by the 
diaphragm causes a sufficient pressure 
gradient. Subsequently this air may dis- 
sect through the supporting structures of 
the lung toward the hilus and ultimately 
rupture into the mediastinum and the 
pleural space, producing PM and PT. 

The Macklins? noted that subpleural 
blebs occur with ITE, but are rarely rup- 
tured at autopsy even when PT is present. 
The path of least resistance for IIE seems 
to be toward the mediastinum, not toward 
the pleural cavity. Therefore, PT probably 
arises from PM. The more frequent oc- 
currence of PM than PT in this study sup- 
ports this postulate. The rather benign 
behavior of PM and PT and lack of tension 
PT in FAS can be explained by the de- 
velopmental maturity and normal com- 
pliance of the lungs in full-term newborns. 
Surgical decompression of PM and PT, 
even when quite large, is rarely necessary 
in FAS. With conservative, noninvasive 
management, the PM and PT rapidly 
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Fic. 7. Hyaline membranes line several terminal 
bronchioles and alveoli, many of which contain 
masses of epidermal squames. (Hematoxylin and 
Eosin, 150X.) 


resolve. The low mortality in FAS, even in 
those newborns with complications of 
extraventilatory air, sharply contrasts with 
the serious nature of these complications in 
HMD in which the hypoaerated, noncom- 
pliant lungs cannot accommodate so readily 
to HE. and PT? 

The 4 infants who died in this study were 
products of abnormal pregnancy or de- 
livery: I was under-weight and had a cir- 
cumvallate placenta, a condition which 1s 
associated with increased risk of fetal com- 
plications,! 2 were postmature, and 1 was 
delivered by cesarean section. The dis- 
covery of pulmonary hyaline membranes 
in 3 of the 4 fatal cases is unusual, since they 
are generally observed in the premature 
newborns with HMD." Emery® found no 
hyaline membranes in his 15 cases of HE 
due to FAS. Esterly et a/.,’ however, col- 
lected 46 cases of hyaline membrane forma- 
tion in full size newborns, 10 of whom had 
gestational ages greater than 39 weeks. 
In 7 of these full size infants, hyaline mem- 
branes and FAS existed together. As noted 
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m the present cases, hyaline membranes 
in full-term newborns occur in both termi- 
mal bronchioles and alveolar spaces, where- 
as in the premature newborn, hyaline mem- 
branes lie in only the terminal bronchbles 
producing the pattern that Gruenw:ld"? 
has termed the “atelectasis of premacur- 
ity." Although vernix is not though to 
contribute directly to hyaline memb: ane 
formation, increased capillary permeab lity 
due to hypoxia which may exist in the r ew 
born with FAS may contribute to hy:cline 
membrane formation. Pulmonary vasaular 
compression by interstitial emphyssma 
may contribute to hypoxia by diminisaing 
pulmonary blood flow. The 3 infants in 
this study who had pulmonary hyaline 
membranes received s50-I00 per cen: in- 
spiratory oxygen, and it has been denon- 
strated experimentally that increased xy- 
gen can produce pulmonary hyaline mem- 
branes." The thromboplastic activity of 
amniotic fluid may also enhance form: tion 
of pulmonary hyaline membranes “rom 
endogenous fibrin." 


CONCLUSION 


The roentgenographic features of FAS 
are nonspecific. Patchy pulmonary paren- 
chymal densities and hyperaeration may 
also occur in postnatal aspiration pneu- 
monia. In addition, some cases of ptlmo- 
nary hemorrhage, symptomatic hypogly- 
cemia, obstructed pulmonary venous re- 
turn, and congenital pulmonary lymph- 
angiectasia may be difficult to distinguish 
roentgenographically from FAS. 

Although early postnatal PM and PT 
may be the dominant roentgenographic 
features in FAS, the radiologist must be 
aware that these complications alse can 
occur not only in some newborns with 
obstructed urologic malformations, but 
also in some newborns insulted by over- 
zealous postnatal resuscitation. 

PM and PT in HMD generall? de- 
velop from 12 to 48 hours of age a: con- 
trasted to their immediate postnatal oc- 
currence in FAS. Nevertheless, by care- 
fully considering the prenatal and obstetri- 
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cal histories when confronted by the roent- 
genographic findings of hyperaeration and 
coarse, diffuse, linear radiodensities, fre- 
quently in combination with IIE, PM, and 
nontension PT, the radiologist should be 
able to recognize FAS as the cause of 
early neonatal respiratory distress. 


Robert E. Campbell, M.D. 
Department of Radiology 
Pennsylvania Hospital 

Eighth and Spruce Streets 
Philadelphia, Pennsylvania 19107 
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CONGENITAL ABSENCE OF THE PULMONARY VALVE 
ASSOCIATED WITH CONGENITAL APLASIA OF 
THE THYMUS (DIGEORGE' S SYNDROME)* 

By JUDITH S. ROSE, M.D., DAVID C. LEVIN, M.D., STANLEY GOLDSTEIN, M.D., 
and WAYNE LASTER, M.D. 


BROOKLYN, NEW YORK 


HE thymus is derived from the thi: d 

pharyngeal pouch and the parath.- 
roids are derived from both the third ard 
fourth pharyngeal pouches.* Defective œ- 
velopment of these 2 pouches results in 
hypoplasia or aplasia of the thymus aad 
parathyroid glands accompanied clinica ly 
by neonatal hypocalcemia, defectwe 
thymic-dependent cellular immunity and 
facial anomalies.4~* This syndrome was fi-st 
described in 1965 by DiGeorge, who cid 
not make reference to any associated car- 
diovascular abnormalities. 

During the same year, Cameron! -e- 
ported briefly upon Io patients with =b- 
sence or hypoplasia of the thymus but no 
evidence of hypoparathyroidism. All Fad 
congenital cardiovascular disease, includ ng 
instances of ventricular septal defect, per- 
sistent truncus arteriosus, tetralogy of 
Fallot, aortic arch atresia or coarctatpn, 
and right aortic arch. Two patients had 
almost identical anomalies, consisting of 
absent pulmonic valve, aneurysmal dilzta- 
tion of the central pulmonary arteries, wen- 
tricular septal defect, absent ductus arteri- 
osus and emphysematous enlargemen: of 
the right upper lobe due to bronchial com- 
pression by the enlarged pulmonary vessels. 

Kirkpatrick and DiGeorge’ 1n 1968 made 
reference to the fact that we could ex»ect 
other developmental anomalies of closely 
related analage such as the fourth b-an- 
chial arch resulting in anomalies of the 
aortic arch. Recently, Freedom ef a/. re- 
viewed 23 cases of DiGeorge's syndrome 
and found that in 19 (83 per cent) aertic 
arch and/or intracardiac anomalies "were 
present. The most common types of ir tra- 


cardiac disease were tetralogy (5 cases) and 
persistent truncus arteriosus (3 cases). One 
patient had transposition of the great ar- 
teries, pulmonary valve atresia, ventricular 
septal defect and a right patent ductus 
arteriosus. Another had pulmonary valve 
atresia, ventricular septal defect and patent 
ductus arteriosus. Still another had ven- 
tricular septal defect associated with inter- 
ruption of the aortic arch and bicuspid 
aortic valve. One patient had isolated pul- 
monic stenosis. The patients generally come 
to medical attention during the neonatal 
period as a result of hypocalcemic tetany 
or seizures or symptoms suggesting con- 
genital heart disease. 

At the State University of New York, 
Downstate Medical Center, we have re- 
cently studied 2 patients with aplasia of the 
thymus and parathyroids and tetralogy of 
Fallot with complete absence of the pul- 
monic valve. They are thus somewhat 
similar to the 2 cases of absent pulmonic 
valve described by Cameron, although our 
patients had deficient development of both 
thymus and parathyroids, whereas Cam- 
eron's patients apparently had normal 
parathyroids. There is also similarity to 
the 5 cases of Freedom ef aL, in that" 
tetralogy of Fallot is present. 

The purpose of this paper is to call the 
attention of radiologists to the association 
of tetralogy of Fallot and absence of the 
pulmonic valve with DiGeorge's syndrome, 
as well as to discuss the reasons why these 
cases failed to exhibit certain roentgeno- 
graphic signs commonly associated with 
absence of the thymus and pulmonic 
valve. 


* From the Departments of Radiology and Pediatrics State University of New York, Downstate Medical Center, Brooklyn, 


New York. 
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Fic. 1. Case 1. (4) Frontal and (B) lateral roentgenograms of the chest demonstrate shift of the heart and 


mediastinum to the left with atelectasis of the right upper lobe and emphysematous changes of the right 
middle and lower lobes. There is an increased retrosternal lucency on the lateral roentgenogram. (C) Fron- 
tal and (D) lateral right ventricular angiocardiograms show the typical features of tetralogy of Fallot. 
However, the pulmonary arteries are markedly dilated and this is suggestive of the diagnosis of absence of 


the pulmonic valve leaflets. 


REPORT OF CASES 


Case 1. B/GA. (9253). A 2,310 gram female 
infant was born to an 18 year old mother fol- 
lowing cesarean section due to cephalopelvic 
disproportion. The initial Apgar score was 7. 
Within the first hour of life, severe respiratory 


distress developed with tachypnea, and inter- 
costal and substernal retractions. Chest roent- 
genograms (Fig. 1, 4 and B) showed the medi. 
astinum shifted to the left with atelectasis of the 
right upper lobe; the right middle and lower 
lobes were emphysematous. Mild cardiomegaly 
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with conspicuously diminished vasculazit- was 
present. No mediastinal masses were ev:dent 
but there was an abnormally lucent retrosternal 
space. 

At 2 hours of age, a Grade 3/4 to-arxl-fro 
murmur was heard over the entire precorcium, 
maximally audible at the lower left sternal 
border. Mild perioral cyanosis appeared with 
crying and the liver had enlarged. The electro- 
cardiogram revealed right axis deviation and 
right atrial and ventricular hypertrophy and 
the neonate was digitalized. 

Angiocardiograms (Fig. 1, C and D) demon. 
strated a ventricular septal defect, infundi»ular 
pulmonary stenosis and aneurysmal dilatation 
of the pulmonary artery and its main brarches. 
The right intrapulmonary arterial branches 
were very attenuated. The left were not well 
visualized behind the heart but did agpear 
smaller than normal. There was a right-sided 
aortic arch. 

Serum calcium level on the second d:y of 
life was 6.9 mg. per cent and on the thirc day 
of life 6.3 mg. per cent. Respiratory distress in- 
creased with episodes of bradycardia anc the 
development of generalized clonic convubions 
characterized by rolling of the eyes upward, 
stiffening of the trunk and extremities, and 
clenching of the fingers. 

The convulsions were temporarily controlled 
but during the evening of the third day o life, 
bilateral twitching of the upper extremities 
occurred. Repeated convulsions ensued with 
attacks of bradycardia and the baby devebped 
consumptive coagulopathy and expired or the 
fourth day of life. 

Postmortem examination revealed ca-diac 
anomalies consistent with a diagnosis of 
tetralogy of Fallot. The pulmonary valve 
leaflets were absent, represented only by a ord- 
like ridge. There was aneurysmal dilatatien of 
the main pulmonary artery and the proximal 
portion of both the right and left pulmcaary 
arteries. No parathyroid or thymic tissue was 
identified after block dissection was performed 
with the neck organs subdivided into 4-: b ocks 
and then serially sectioned at 5 micra with every 
1oth section mounted. 


Case 11. B/BF. (9431). A 2,840 gram Elack 
male was born to a Ig year old mother with 
gestational diabetes. The initial Apgar -core 
was 6 and cyanosis was noted at birth. The 1ew- 
born did well until the second day of age when 
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cyanosis was again noted and repeat physical 
examination revealed a Grade 3/4 pansystolic 
murmur maximally audible over the lower left 
sternal border radiating to the axilla. 

Electrocardiography showed right axis devi- 
ation with biventricular hypertrophy. A roent- 
genogram of the chest (Fig. 24) revealed cardio- 
megaly with a shift of the mediastinum and 
heart to the left and atelectasis of the right 
upper lobe; emphysematous changes in the 
right middle and lower lobes were present. The 
pulmonary blood flow was diminished bilater- 
ally and an increased lucency in the retrosternal 
space observed. 

Angiocardiography (Fig. 2, B and C) demon- 
strated a ventricular septal defect, pulmonary 
stenosis, overriding left-sided aortic arch and 
dilated main and right pulmonary arteries. 
There was a patent ductus arteriosus. 

The infant appeared to do well clinically and 
was discharged to cardiology for follow-up. 
Initial calcium serum levels were not recorded. 

He was re-admitted at 2 months of age for 
“bronchiolitis” with symptoms of cough, 
wheezing and irritability. However, he was dis- 
charged after 3 days and repeat electrocardio- 
gram and chest roentgenograms during this 
admission were reported as unchanged. 

At 3 months of age, the patient was again 
re-admitted with cough, fever and severe 
wheezing and was noted to be extremely irrit- 
able. Cyanosis had increased and his electro- 
cardiogram showed changes of severe right 
ventricular hypertrophy. Serum calcium de- 
termined at admission was 7.3 mg. per cent. 
Within a few days, the patient was transferred 
to the intensive care unit with evidence of 
tremors and positive clonus. His condition 
continued to deteriorate with severe respiratory 
problems and tremors in addition to jack-knife . 
like contractions. During his stay in the inten- 
sive care unit, he was given calcium on multiple 
occasions. Records were not available as to the 
level of his serum calcium when he was not on 
therapy. 

Despite many attempts to correct his respira- 
tory problems, he worsened, eventually devel- 
oping consumptive coagulopathy and expired. 

Postmortem examination revealed tetralogy 
of Fallot with overriding aorta, ventricular 
septal defect, pulmonic stenosis with absence 
of the pulmonary cusps and right ventricular 
hypertrophy as well as pulmonary infundibular 
stenosis. A single coronary artery was described. 
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Fic. 2. Case 11. (4) Frontal roentgenogram of chest 
demonstrates shift of the heart and mediastinum 
to the left with obstructive emphysema of the 
right lower and middle lobes and atelectasis of the 
right upper lobe. (B) Frontal and (C) lateral right 
ventricular angiocardiograms show the features of 
tetralogy of Fallot associated with dilatation of 
the pulmonary arteries. The retrosternal lucency 
Is especially well seen on the lateral angiocardio- 


gram. 


Block dissection was done and the neck organs 
were subdivided into 4-5 blocks; these were 
serially dissected at 5 micra and every Ioth 
section mounted. No parathyroid or thymic 
tissue was identified. Cultures done post mortem 
revealed disseminated moniliasis. 


DISCUSSION 


The majority of patients with absence of 
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the pulmonic valve have tetralogy of Fal- 
lot.'^ Almost all have ventricular septal de- 
fect.^!? Characteristic clinical signs asso- 
ciated with absent pulmonic valve include 
cyanosis, respiratory distress, a to-and-fro 
murmur along the left sternal border, di- 
minished second pulmonic sound and elec- 
trocardiographic evidence of right ventricu- 
lar hypertrophy. The main and right and 
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left pulmonary arteries become massively 
dilated in this condition and frequently 
compress adjacent bronchi to a significant 
degree. Previous authors have stressed the 
importance of this marked enlargement of 
the pulmonary arteries in making the 
roentgen diagnosis of absence of the »ul- 
monic valve? Less stress has been pleced 
upon the lung changes due to bronchial 
compression—chiefly obstructive emp hy- 
sema and atelectasis.” 8 

The roentgen findings associated with 
isolated thymic aplasia have been discussed 
by Kirkpatrick and DiGeorge.’ These pa- 
tients show a narrow mediastinal shadow 
on the frontal chest roentgenogram ard a 
retrosternal lucency in the lateral prcjec- 
tion. We might therefore expect tha: in 
patients with DiGeorge's syndrome and 
absent pulmonic valve, the pulmonary ar- 
tery enlargement would be even more 
striking roentgenographically because of 
the absence of the overlying thymic tissue. 
Somewhat surprisingly, our 2 patients 
showed neither prominence of the pulmo- 
nary arteries nor a narrow mediastinal sil- 
houette on the frontal roentgenograms. The 
lateral roentgenograms did show retro- 
sternal lucency. Both patients had atelec- 
tasis with emphysematous changes se-on- 
dary to bronchial compression. Appareatly 
the resulting shifts in cardiac position ob- 
scured both the pulmonary artery and the 
narrowed mediastinal silhouette. 

Most descriptions of the angiocardio- 
graphic features of absent pulmonic valve 
have been based upon venous or nght 
ventricular angiography, rather than selec- 
tive pulmonary angiography. Right ven- 
tricular injections of contrast material in 
these cases will generally demonstrate the 
ventricular septal defect or tetralogy of 
Fallot, as well as marked enlargemert of 
the main and right and left pulmonary ar- 
teries. If selective pulmonary arteriogrzphy 
is performed, regurgitation will be clearly 
evident. In most instances of isolated tet- 
ralogy of Fallot, the pulmonary arteries are 
small. If, however, the tetralogv is asso- 
ciated with absence of the pulmonic valve, 


DiGec rge's Syndrome 


IOI 


the pulmonary arteries are much enlarged. 
This will allow the diagnosis of absence of 
the pulmonic valve to be suspected in such 
patients even if only venous or right ven- 
tricular angiography 1s performed. 

Although DiGeorge’s syndrome in its 
fullest extent encompasses complete failure 
of development of both the third and fourth 
pharyngeal pouches, it is apparent that a 
wide spectrum of involvement of these 
pouches exists.! Thus we may find mal- 
development only of the third pouch 
(agenesis or hypoplasia of the thymus) or 
incomplete development of both the third 
and fourth pouches (hypoplasia and ec- 
topia of both thymus and parathyroids). 
Among the 31 patients with DiGeorge’s 
syndrome and congenital cardiovascular 
disease described by Cameron,! Freedom 
et al? and ourselves, there are now 4 who 
have had absence of the pulmonic valve. 
Since the latter 1s ordinarily a very un- 
common form of congenital heart disease, 
this obviously represents a significant asso- 
ciation. As in most instances of absence of 
the pulmonic valve, these patients have 
also had either ventricular septal defect or 
tetralogy of Fallot. 

Our experience suggests that when the 
diagnosis of DiGeorge’s syndrome with 
cyanotic congenital heart disease is enter- 

tained, the specific diagnosis of absence of 

the pulmonic valve can be made if certain 
clinical and roentgen features are present. 
The most important clinical features are a 
to-and-fro murmur along the left sternal 
border and respiratory distress. The most, 
important single roentgen feature is local- 
ized obstructive emphysema or atelectasis, 
resulting from bronchial compression by 
the enlarged pulmonary arteries. This may 
lead to shifting of the heart and medias- 
tinum which can obscure the expected 
signs of a narrow mediastinal silhouette and 
enlarged central pulmonary arteries. Angio- 
cardiography can confirm the marked en- 
largement of these vessels and pulmonic 
regurgitation, in addition to demonstrating 
the presence of tetralogy of Fallot or ven- 
tricular septal defect. 
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SUMMARY 


Two cases of DiGeorge's syndrome asso- 
ciated with tetralogy of Fallot and absence 
of the pulmonic valve are reported. Both 
infants had complete absence of the thymus 
and parathyroids. This brings to a total of 
4 the number of reported cases of absence 
of the pulmonic valve in this rare syndrome. 

Some of the expected roentgen signs, 
such as a narrow mediastinal silhouette and 
marked enlargement of the central pulmo- 
nary arteries, may be masked by cardio- 
mediastinal shift due to bronchial com- 
pression. 

The angiographic findings are discussed. 


Judith S. Rose, M,D. 
Department of Radiology 
State University of New York 
Downstate Medical Center 
450 Clarkson Avenue 
Brooklyn, New York 11203 
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PROTECTION OF CERTAIN STRUCTURES FROM 
HIGH DOSES OF IRRADIATION* 


By GIULIO J. D'ANGIO, M.D., PHILIP F. EXELBY, M.D., 
WILLIAM CHUA CHAM, M.D., 


FERESHTEH GHAVIMI, M.D., 


and MELVIN TEPPT, M.D. 


NES wonk NEN YORK 


T HE delivery of curvative doses of ra- 
diation therapy sometimes leads to 
pronounced local tissue damage. The mr- 
mal tissue effects are prohibitive when 
vital structures are affected and a letaal 
outcome is probable. Severe disablng 
functional impairments, although not lethal, 
similarly militate against high doses of ir- 
radiation. Compromises with curative dc ses 
often are made in patients where the radia- 
tion effects are neither life threatening nor 
incapacitating, but are associated vith 
pronounced morbidity. An example of the 
latter is severe growth impairment in dhil- 
dren. Indeed, all the foregoing considera- 
tions become accentuated in childien be- 
cause radiation not only impairs normal 
growth and development," but can lead to 
late effects?" that may be long-dela-ed. 

These problems associated with the de- 
livery of curative doses of radiation therapy 
have been recognized for decades. Many 
maneuvers have been used to avoid radia- 
tion damage. These techniques include the 
use of multiple portals of entry, the ir ter- 
position of external and internal heavy 
metal blocks, the employment of stents, 
and the infusion of epinephrine into the 
arterial tree of irradiated  structu»es.? 
More recently, an old technique,’ the re- 
positioning of organs, has gained wide ac- 
ceptance in the case of ovarian relocction 
m patients with Hodgkin's disease.!?? 
Other relatively simple methods are azail- 
able to protect other organs. Some of these 
techniques have been described in the »ast, 
but have not gained the popularity they 
perhaps deserve. 

This paper will describe methods used 


by us to protect the lung, the testes, and 
the bowel. 


MATERIAL AND METHODS 
LUNGS 


It sometimes becomes necessary to treat 
portions of the chest wall because of dif- 
fuse involvement with a malignant neo- 
plastic process. Elaborate multiple tan- 
gential 3elds can be used.’ Uniformity of 
dose is difficult to achieve. The problem 1s 
compounded when the upper thorax is to 
be treated because the structures of the 
shoulder girdle come into the treatment 
fields. Other methods employ several ad- 
joining electron beam portals? Electron 
beams are not universally available, and 
the dosmetry and techniques used are not 
simple. 

Manv of these problems can be circum- 
vented by collapsing the lung. A major 
portion of the thorax can then be irradiated 
with simple, parallel-opposed field meth- 
ods, blocking those regions that need not be 
treated. 


Case 1. M.D., 61 year old female. A golf-ball 
sized mzss was noted in the right infraclavicular 
region in October of 1971. Local excision was 
performed at another institution, and a diag-. 
nosis of rhabdomyosarcoma was made. She was 
then referred to this Center at which time there 
was a residual mass measuring 2X 3 cm. There 
also was induration in the local region as well 
asa 15 cm. scar that extended across the right 
anterior chest wall ending near the right nipple. 
There was no evidence of remote disease by 
physical examination, or by extensive labora- 
torv and roentgenographic investigations. It 
was recognized that most of the anterior chest 


* Presented at the Seventy-fourth Annual Meeting of -he American Roentgen Ray Society, Montreal, P.Q., Canada, September 
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Fic. 1. Case 1. Bone changes are apparent in the right 
acromion. A radiopaque catheter that extends into 
the right pleural cavity is visible at the lower edge 
of the roentgenogram. It was easy to deflate the 
lung during the 5 days of the week that radiation 
therapy was given and to re-inflate the lung over 
the weekend when the child was permitted to 
return home. 


wall as well as the deep structures surrounding 
the shoulder girdle harbored residual tumor. 

Treatment using multiple chemotherapeutic 
agents and radiation therapy was instituted. 
The treatment plan called for irradiation of the 
anterior chest wall and of the entire right 
shoulder girdle including the proximal humerus. 
The underlying right lung was known to be 
clear of tumor. An artificial pneumothorax was 
induced, thus collapsing the right lung away 
from the fields of treatment. Through-and- 
through irradiation using cobalt 60 teletherapy 
technique was used to treat the shoulder girdle. 
The treatment plan included electron beam ir- 
radiation of the right anterior chest wall. A 
total of 7,000 rads over a 9 week elapsed time 
was delivered to the right shoulder, while the 
chest wall received 5,100 rads in 52 elapsed 
days. 

The pneumothorax was induced using a small 
catheter which was left in place (Fig. 1). The 
lung was collapsed during the 5 days of the 
week that irradiation was given; it was re- 
expanded over the weekend when the child was 
allowed to return home. The pneumothorax 
was re-induced the following Monday, checked 
fluoroscopically, and radiation therapy re- 
sumed. 

The patient is free of local or remote disease 
21 months after initiation of therapy. There is 
no evidence of pulmonary functional impair- 
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ment, and the chest roentgenograms appear 
normal (Fig. 2, 4 and B). 


Case 11. B.L., 6 month old male. A left su- 
praclavicular and an axillary mass, each mea- 
suring approximately 4X 4 cm., were detected in 
August 1972. Incomplete excision at another 
institution led to a diagnosis of angiosarcoma. 
When seen at this Center, there was a left axil- 
lary mass measuring IoX10X4 cm. with a 
smaller supraclavicular tumor. Roentgeno- 
graphic examination revealed bilateral pulmo- 
nary metastases. Physical examination coupled 
with extensive roentgenographic and labora- 
tory studies revealed no other evidence of dis- 
ease. Chemotherapy using multiple agents was 
instituted. Radiation therapy was given to the 
bulky left axillary mass and supraclavicular 
lymph nodes using a 20 mev. electron beam. 
Two hundred rads daily was given to a total 
tumor dose of 1,000 rads in 5 days. There was 
no response, so the dose fractionation was in- 
creased to 400 rads per increment to an addi- 
tional 1,200 rads in 3 treatments. Pronounced, 
but not complete shrinkage of the tumor re- 
sulted. At the same time there was a moderate 
skin erythema. He was given a rest period fol- 
lowed by a left modified neck dissection and 
subtotal removal of the left supraclavicular and 
axillary masses. Postoperatively, he did well; 
1,200 rads over 16 elapsed days using cobalt 60 
teletherapy was delivered to both lungs. 

A pneumothorax was then induced on the 
left side and an additional 1,950 rads in 16 days 
was given using Co®? techniques. This portal 
included through-and-through irradiation of 
the left chest wall, axilla, and lower neck. An 
additional booster dose of 750 rads at 2 cm. 
depth i in 3 elapsed days was given to the neck 
using Co® techniques. The lung was re- 
expanded at the completion of therapy. The 
patient remained free of disease and without 
visible roentgen changes in the left lung, or in- 
capacity for a period of 11 months. He relapsed 
thereafter and died of disseminated tumor, 
always without roentgen or physical signs of 
radiation associated lung damage. 


TESTICLE 


It becomes necessary in some males with 
only one testicle to irradiate structures 
close to the gonad. An example is the pa- 
tient who has had transcrotal biopsy of a 
testicular tumor prior to radical orchiec- 
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tomy. It is our practice to perform a hemi- 
scrotectomy in such patients. Even so, 
there may be considerable doubt that the 
scrotal septum or other portions of the 
scrotal sac are free of tumor. Irradiaticn of 
the scrotum is to be recommended in such 
circumstances. It is extremely difficult, if 
not impossible, to shield the remaining un- 
affected testicle. It receives a relatively 
high dose no matter what method of block- 
ing is employed. 

We have used another method. The re- 
maining testicle is repositioned outside the 
radiation field. The technique used by one 
of us (P.R.E.) is as follows: through a small 
inguinal incision the testis is delivered and 
repositioned in a subcutaneous pocke- in 
the thigh. An anchoring suture fixes the 
testis to fascia to prevent torsion. The 
gonad is much more readily shielded, and 
because of distance from the field edge re- 
ceives much less scattered radiation. The 
organ 1s returned to its normal locatioa at 
the completion of radiation therapy. 


Case 1. K.S., 4 year old male. A left scrotal 
swelling was noted in August 1970. A left omchi- 
ectomy was performed through the scrotun at 


Protection from High Dosage of Irradiation 


10S 


another institution revealing a rhabdomyosar- 
coma. He then was referred to this Center where 
physical, laboratory, and roentgenographic 
examinations revealed no evidence of distant 
metastases except for positive findings on 
Iymphangiography. The patient underwent a 
left hemiscrotectomy. This was coupled with 
dissection. of the superficial and deep groin 
lymph nodes, together with those of the left 
liac and para-aortic chains. The contents of 
the ipsilateral inguinal canal were also removed. 

The right testicle was then repositioned in 
the right thigh, where it would receive only 
scattered radiation, estimated to be less than 
IO per cent of the tumor dose. Combined 
chemo- and radiotherapy was initiated. Multi- 
ple agent chemotherapy was prescribed, part of 
which was given at this Center. Radiation 
therapy was planned for the surgical scar, 
inguinal canal, ipsilateral pelvis, and para- 
aortic regions. A total dose of 4,000 rads over a 
5 week period was given to each of these areas 
according to plan and by agreement with a 
radiation therapist in the city where the patient 
lives. Dese specifications were met by the co- 
operating radiation therapist. The testis was 
then returned to the normal location in the 
scrotum. Subsequent examination of the testi- 
cle reveals normal size and consistency; it 
remains to be seen whether normal sexual 





Fic. 2. Case 1. (4 and B) Normal chest roentgenograms 21 months after therapy. 
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Fic. 3. Case rv. Anterior displacement of the rectum 
and bladder by a large soft tissue mass associated 
with a destructive process in the sacrum. 


maturation will occur at the age of puberty, and 
whether the patient eventually proves to be 
potent. The patient is free of disease 32 months 
after completion of therapy. 


BOWEL 


Compromises with curative doses of 
radiation therapy must be made in some 
patients who require treatment of the ab- 
domen or pelvis. This is because of pro- 
hibitive complication rates when high 
doses are given. The probability of induc- 
ing severe radiation enteritis is increased 
in patients who have had prior surgery, 
with the high probability of loops of bowel 
becoming adherent to the abdominal pari- 
eties, and thus subject to the full effects of 
treatment. 

The gut can be displaced from the radia- 
tion field by introducing a temporary or 
permanent pack made of suitably inert 
material. We have employed “Ivalon” 
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because prior experience has shown the 
substance to be well tolerated by patients 
for periods of 2 to 10 years after implanta- 
tion of the plastic. 


Case Iv. F.D., 7 year old female. A sacral 
mass was detected in December 1971. Biopsy at 
another institution revealed a malignant tumor. 
The patient was then referred to this Center 
where a large mass was found in the presacral 
region displacing the rectum and bladder an- 
teriorly (Fig. 3). No invasion of either structure 
was evident on barium enema examination. 
There were, however, destructive changes visi- 
ble in the body of S-3 on the left. The histologic 
slides were reviewed and a diagnosis of malig- 
nant small cell sarcoma, favoring Ewing's sar- 
coma was made. No evidence of remote disease 
was visible on physical examination or by 
laboratory or roentgen investigations. 

Multiple agent chemotherapy was instituted. 
Radiation therapy was given to the bulky tu- 
mor using opposing anterior and posterior 
fields; 3,500 rads in a period of 3 weeks was de- 
livered. There was marked shrinkage of the 
tumer as a result of the treatments given. The 
patient was then explored transabdominally, 
and lack of invasion of the posterior rectal wall 
was confirmed. An “Ivalon” sponge was in- 
serted behind the rectum, displacing that struc- 
ture well away from the bony sacrum and 
lower lumbar spine (Fig. 4). It was therefore 
possible to arrange 2 lateral treatment portals, 
designed to include the lower lumbar vertebral 
bodies and the sacrum, but easily skirting the 
anteriorly-placed rectum. An additional 3,0co 
rads in 3 weeks was delivered through 2 lateral 
pelvic (opposing) fields. The treatment was 
well tolerated, there was no proctitis at the 
time nor subsequently. The patient is free of 
disease and of radiation therapy related bowel 
symptoms 18 months after the completion of 
therapy. 


DISCUSSION 


A decision to administer radiation ther- 
apy always entails a weighing of the rela- 
tive risks involved in delivering a certain 
dose. The therapist must take into account 
possible failure to achieve local control 
when choosing a relatively low dose to pro- 
tect normal structures. Alternatively, he 
must keep in mind the immediate and late 
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consequences to normal structures irradi- 
ated to the high doses necessary for ach ev- 
ing tumor ablation. These effects car be 
severely disabling, if not lethal, depencing 
on the structures affected. 

Much time, thought, money, and efort 
has been expended in finding ways arc ind 
this therapeutic dilemma. The adven- of 
megavoltage and telecobalt therapy units 
was a major advance along these lines be- 
cause of their skin and bone-sparing ca- 
pacities.! New particulate beams are being 
studied because better effective depth doses 
can be obtained through their advaata- 
geous physical and radiobiologic praper- 
ties.?:5 

There remain simple, rather mechanical 
means that can be used in certain circum- 
stances to protect sensitive structures, 
while delivering the high doses to target 
volumes required for cure. We have de- 
scribed methods that can be used to sare 
the lung, the testicle, and the rectum. The 
technique used to displace the rectum can 
be modified readily to protect other seg- 
ments of the gastrointestinal tract. The 
apparent success of the maneuvers amply 
justifies their use, particularly when the 
simplicity of the surgical measures em- 
ployed is re-called. 

Other possible maneuvers come to n ind; 
for example, the relocation of the patisnt's 
own kidney or both kidneys into the pelvis, 
using familiar and successful surgical ech- 
niques developed for renal transplantation.” 
In these cases, there would be no pro»lem 
of rejection, of course. 

The liver drops away from the diaph-agm 
when pneumoperitoneum 1s induced. Suit- 
ably shaped and directed portals witk the 
patient in the upright position coul be 
used to spare the liver, while irradiating 
the lung and its parieties. This maneuver 
could also be used in treating anterior 
abdominal wall tumors. The pneumcperi- 
toneum will distend the abdominal wall, 
separating that structure from the uader- 
lying bowel. Lateral opposing fields across 
the table with the patient supine -ould 
then be used, thus sparing the structures 
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lic. 4. Case 1v. Anterior position of the rectum fol- 
lowing “Ivalon” sponge packing of the presacral 
region. The position of the pack is outlined by 
metallic clips. The rectum lies anterior to the 
sponge. 


beneath. 

Enhanced radiation reactions, both in 
neoplastic and normal tissues, are known to 
occur when irradiation 1s combined with 
certain chemotherapeutic agents, notably 
actinomycin D.? An increased incidence of 
normal tissue damage can be anticipated 
as more combined chemo- and radiotherapy 
regimens are adopted in the future. Radia- 
tion therapy doses that were well tolerated 
in the past might well become marginal or 
worse under these circumstances, and the 
late effects of immediate damage even- 
tually prove to be lethal. Measures such 
as those described can be used when feasi- 
ble to forestall such sequelae. 


SUMMARY 


The radiation therapist is often con- 
fronted with a therapeutic dilemma. He 
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must decide whether to compromise with 
curative doses of radiation therapy, or 
run the alternate risk of producing severely 
incapacitating, if not lethal, damage to 
normal tissues necessarily included in the 
beam. 

Many methods are used by radiation 
therapists to minimize normal tissue dam- 
age. 

Relatively simple surgical techniques 
described in this paper were used to protect 
the lung, the testicle, and the rectum. 


Giulio J. D’Angio, M.D. 
Department of Radiation Therapy 
Memorial Sloan-Kettering Cancer Center 


1275 York Avenue 
New York, New York 10021 


Case 111 is a patient of Drs. Peter Fagan 
and Prestiss Dettman, Cleveland, Ohio, 
whose cooperation and assistance are grate- 
fully acknowledged. 
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CONTROL OF SCATTERED RADIATION BY AIR GAP 
TECHNIQUES: APPLICATIONS TO CHEST 
RADIOGRAPHY* 


By ROBERT G. GOULL, M.S., and JOHN HALE, Pu.D. 


PHILADELBHIA, PENNSYLVANIA 


IAGNOSTIC radiographic image cen- 
trast is enhanced by preventing Comp- 
ton scattered photons that arise within he 
patient from reaching the film. A grid ab- 
sorbs much of the scattered radiation, but 
it alse attenuates the primary photon beam 
significantly and, therefore, requires an in- 
crease in patient exposure to attain a par- 
ticular film density. Scattered radiation 
can also be reduced by introducing an air 
gap between the patient and the film. 
Many scattered photons then miss the 
cassette because their direction was signifi- 
cantly altered in a Compton interact on. 
The undeflected primary photons will not 
be affected by the air gap, except for the 
divergence of the beam. Thus with an air 
gap a larger target-film distance 1s requ red 
to match the magnification and focal : pot 
unsharpness factors of conventional t2ch- 
niques. Under these circumstances, Fow- 
ever, a reduction of relative film exposure 
due to scattered radiation is achieved. 
Furthermore, patient exposure will be 
lower if an air gap is used instead of a srid. 
This technique has only been occasion- 
ally mentioned in the literature’? and has 
also been referred to in passing in some 
radiologic physics texts.5.1*.? 

In this paper we present the results of a 
systematic study of some of the paramsters 
that must be considered in establishing air 
gap techniques for chest radiography. 


EXPERIMENTAL METHOD 


Patient attenuation. and scatter was 
simulated by a pressdwood phantom made 
up with 24X24X1 inch sheets so tha: the 
thickness could be readily changed in a 
horizontal x-ray beam. The water-eq iiva- 


lent thickness of the particular batch of 
pressdwood was first determined by using 
the automatic brightness control system of 
image intensified fluoroscope as an exposure 
meter. À measured thickness of water in a 
plastic container was placed in a vertical 
x-ray beam. The tube operating potential 
established by the servo system to obtain 
a preset brightness level was noted. Then 
the thickness of pressdwood necessary to 
produce this same servo system response 
was determined. A series of similar mea- 
surements established that 1 cm. of the 
pressdwood was equivalent to 1.04 cm. of 
water. 

For measurements of radiation trans- 
mitted through and scattered by the phan- 
tom, the radiation was detected by a sys- 
tem consisting of a Par Speed intensifying 
screen attached to the inner surface of a 
thin, opaque, bakelite light shield that 
formed one side of a light-tight box. Light 
from the screen was focused bv a lens onto 
the photocathode of a photomultiplier tube. 
The potential produced by the passage of 
the photomultiplier current through a re- 
sistor was read with an A.C. voltmeter. 
The meter response, then, should be pro- 
portional to the light emitted by the in- 
tensifying screen. Tests showed that thé 
meter response was linearly related to the 
screen exposure rate, measured in roent- 
gens per minute with an EIL exposure 
meter, when the exposure rate was changed 
over a wide range by varying the distance 
between the x-ray tube and the intensifying 
screen. 

Measurements were made of luminance 
due to primary and to the sum of primary 
plus scattered radiation. To obtain the 


* From the Department of Radiology, Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania. 
Supported in part by a Research Grant, RH 0443, from the Bureau of Radiological Health, USPHS. 
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Fic. 1. Variation of the light emitted from an intensi- 
fying screen due to scattered radiation, 74, to the 
light emitted due to primary radiation, L,, as a 
function of tube potential for 3 different air gaps 
and 2 different target-film distances (TFD). Data 
taken with an absorber equivalent to 13.1 cm. of 
water. Field size 14X 17 inches. 


primary luminance data, a very narrow 
beam was used with the absorber as close 
as possible to the x-ray source. A second 
collimator was placed between the ob- 
server and the fluorescent screen. Measure- 
ments of the sum luminance were made 
with air gaps of $, I, 5, 10 and 15 inches. 
The 1 inch air gap represents the distance 
between the front intensifying screen and 
the back of the sensing device for auto- 
matic exposure timing in a typical upright 
cassette holder used in chest radiography. 
The scattered. component of the luminance 
was then determihed by subtracting the 
primary light measurements from the mea- 
surements of the sum. To evaluate the 
effectiveness of a particular air gap, the ra- 
tio of the light due to scatter to the light 
due to primary radiation (L,/L,) was cal- 
culated. Under a given set of exposure con- 
ditions, the smallest ratio of L,/L, will 


Robert G. Gould and John Hale 


SEPTEMBER, 1974 


yield the greatest visual contrast. 

Data were obtained varying the tube po- 
tential from 60 to 140 kVp. Measurements 
were made using a 14X17 inch field at 6 
and to feet target-film distances with 
various phantom thicknesses. 

Typical results of an experimental run 
are shown in Figure 1, where the variation 
of L,/L, is plotted as a function of x-ray 
tube potential for a 1417 inch field and an 
absorber equivalent to a 13.1 cm. water 
phantom. The dots are data points ob- 
tained with a TFD of ro feet. The circles 
are for a TFD of 6 feet. Similar sets of 
measurements were obtained with the ab- 
sorber thicknesses of 8.1, 17.0 and 21.7 cm. 
Thus a total of 24 sets of data are available 
for analysis. 

The variation of L,/L, as a function of 
absorber thickness and air gap width at 
100 kVp, 1o feet TFD and a 14X17 inch 
field is shown in Figure 2. The same data 
plotted as a function of air gap width are 
shown in Figure 3. 

To investigate the effect of air gaps on 
patient exposure, the accuracy of an Ionto- 
mat automatic timer connected to a verti- 
cal wall mounted cassette holder was first 
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Air Gap, in, 
Fro. 2. Variation of Z,/Z, as a function of absorber 
thickness for various different air gaps. Data 


taken at 100 kVp with a 14X17 inch field. TFD 
was IO feet (ft.). 
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TABLE Í 
PATIENT EXPOSURE 
(14X17 inch field) 
ee 
Air Gap, TFD, Exposure, 
En Satie (in.) (ft.) (mR) 
i ie ee P Óuw— 
Pesteroanterior phantom for 22 cm. 80 No I 6 35 
patient, (9=0. 5) g 8 31 
IO 33 
IO 8 4I 
IO 43 
Lateral phantom for 30 cm. patient, 125 12:10 I 6 295 
(p=0.6) 100 l/in 100 | /in. 5 8 55 
IO 53 
IO 8 79 
IO 75 


tested. This was done by measuring the ex- 
posure with an EIL meter near the cassette 
holder, while the exposure rate was va-ied 
over a wide range by inserting alumirum 
sheets in the beam at the level of the zol- 
mator to simulate patient attenuation.* 
Replicate exposures demonstrated a repro- 
ducibility of +2 per cent. Varying the 
aluminum filtration from 35 to 46 mm. to 
simulate lateral chest thickness variacion 
from 25.5 to 35.5 cm. at 125 kVp with a 
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Fic. 3. Data of Figure 2 plotted to show the varia- 
tion of Ls/Lp as a function of gap width for various 
absorber thicknesses. 





grid demonstrated that the film exposure 
was constant with a precision of +3 per 
cent. 

Measurements were then made with the 
pressdwood phantom simulating a 22 cm. 
patient being examined in the posteroan- 
terior projection at 80 kVp and simulating 
a 30 cm. diameter lateral projection at 125 
kVp with a 12:1 100 line per inch grid. 
Automatic timing was used. The exposure 
in the beam was measured with the EIL 
exposure meter. From these readings the 
exposure at the level of the entrance surface 
of the simulated patient was calculated. 
The data are shown in Table r. 

Although the interest of this investiga- 
tion was directed toward chest radiogra- 
phy, so that 14X17 inch fields were used 
throughout, a set of measurements were 
made of L./L, as a function of field size 
with a 1.5 inch air gap. Data were taken at 
100 kVp with an absorber equivalent to 
21.5 cm. of water. The results of this ex- 
periment are shown in Figure 4. 


DISCUSSION 
VARIATION OF La/Lp WITH TUBE POTENTIAL 


The plots of the ratio of L,/Z, as a func- 
tion of tube potential for the various air 
gap widths and absorber thicknesses, such 
as those shown in Figure 1, lead to the hy- 
pothesis that there was no systematic vari- 
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Fie. 4. Variation of the ratio R= L4/L, as a function 
of field size normalized to the value of the ratio 
at 516 cm (8X 10 inches). 


ation of this ratio with tube potential. To 
test the hypothesis, it was assumed that 
the data could be fitted to a straight line. 
The slope and the standard deviation of the 
slope were calculated for each set of data. 
The results of the regression analysis are 
shown in Table ur. The average value of the 
ratio L,/L, is Ë. The standard deviation of 
E is ox. The slope of the least squares fit to 
the points is S and og is the standard de- 
viation of the slope. Of the 24 sets of data 
analyzed, 11 had positive slopes and 13 had 
negative slopes. In 16 experiments the 
slope plus or minus twice the standard de- 
viation of the slope included o. Of the re- 
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maining 8 experiments, 4 had positive 
slopes and 4 had negative slopes. It was 
concluded from these data that there is no 
systematic dependance of the ratio L,/L; 
on tube potential. 

This result can be explained on the basis 
of the theory of Compton scattering. Fig- 
ure 5 shows the results of the calculation of 
the variation of the Compton differential 
cross section as a function of the angle 
through which the photon is scattered from 
the direction of the incident photon. It is 
seen that when the incident photon energy 
varies from 10 keV to 140 keV the most 
probable angle of scatter changes only from 
about 53° to 45°. Furthermore, the prob- 
ability of scatter in the forward direction 
does not change very much. The cross sec- 
tion changes only from 2.68 X 107? cm.? to 
2.28 X 107? cm.” at the most probable scat- 
tering angle, a variation of only 15 per 
cent. Thus, over the diagnostic energy 
range, the flux of Compton scatter photons 
in the forward direction does not change 
very much. Accordingly, the exposure due 
to scatter photons should be proportional 
to the primary flux. It follows that the 
ratio L,/L, should be independent of the 
primary photon energy. 





Tanrz II 
ANALYSIS OF EXPERIMENTAL DATA 
(R= Ls/ Lp) 
Gap width 
Gn.) 
Absorber | TED 
5/8 5 IO 
EK ron $ cos R+or Steg Rtor Steg 
2.52 £0.13 | 0.029+0.013 | 1.673: 0.08 | ~0.017+0.009 1.08 +0.08 —0.015 4: 0.011 
2.17£0.16| 0.029+0.020/ 1.45+0.09! 0.009+0.010/0.98+0.10}  Oo.010 E O.014 
4.14$0.20{ 0.026+0.02512.66+0.05| 0.001 0.007 | 1.72 $0.12 | —0.0164- 0.015 
3.92$0.24| 0.08 +0.012/2.494+0.07} 0.022:ko.66 | 1.59:b0.09| 0.022+0.009 
6.70:0.32| o.050+0.04 | 4.33 £0.18 | —0.035 +0.020 | 2.69+0.14 | —0.027 0.015 
6.39$0.13| 0.007£0.014]4.11+0.21 | —0.06 +0.020] 2.56+0,18 | —0.04 +0.01 
9.08 + 0.27 | —0.050+0.038 | 5.81 £0.23 | —0.054+0.030 | 3.80 £0.27 | —0.77 +0.032 
8.69+0.14 | —0.053+0.07 | 5.610.395 | —0.10 +0.060| 3.40+0.36 | —0.13 £0.05 
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RELIABILITY OF DATA 


The data of Figure 1 were obtained by 
reading the value of L,-- L, at 10 kVp in- 
tervals from a smooth plot of the variation 
of L,+ZL, as a function of tube potential 
and subtracting the value of L, at the same 
kVp intervals read from another smooth 
plot of the variation of Lẹ as a function of 
the tube potential. This difference was then 
divided by the values of Lp. Thus experi- 
mentally 
La = (Le + Li) s Ls 
Ly Lp 


An analysis of the combination of errors 
following Wilson'® shows that the standard 


Differential Cross 


T 





o 


4 45 50 339 60 65 


Angle of Photon Scatter, Degrees 


Fic. 5. Variation of the Compton differential cross 
section for photon scattering (d.0)/d as a func- 
tion of the angle of scatter, $, of the photon from 
the direction of the incident photon. The family 
of curves was calculated for various energies, Av, 
of the incident photon. 
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II3 
Tase III 
ANALYSIS OF EXPERIMENTAL ERRORS 
(absorber thickness 13.1 cm.) 
; T 
Air Gap | TFD| x 
| ft.) . 
Gn.) | (ft. Experiment | Expected 
5/8 6 | 4.14 0.20 0.19 
IO 13.93 5.24 O.18 
j 6 | 2.66 0.05 O.I 
JO | 2.49 0.07 0.13 
10 6 73 6,14 0.09 
IO | 1.59 0.09 0.09 





deviation, c, is related to the assumed frac- 
tional error, /, in each measurement by the 
following relationship (Table 111): 


ey mer 
where k= (L,4- L;)/L,. 


The average values of the ratio R=L,/L, 
for the data shown in Figure 1 and the ex- 
perimentally observed standard deviations 
are shown in Table 1 assuming that R is 
independent of tube potential. Also shown 
are the calculated standard deviations of R 
if it is assumed that there is a fractional 
error of 3 per cent in each of the measure- 
ments from which R was obtained. It is 
seen that there is good agreement between 
the expected and observed standard devia- 
tions. It seems reasonable, accordingly, to 
conclude that the variation in the data 
points from the least square lines seen in 
Figure 1 1s random. ` 


VARIATION OF Ls/Lp WITH TARGET-FILM DISTANCE 


The ratio of the data points at 6 and 10 
feet from Table 1 is 1.08 +0.04. At the time 
these measurements were made the strong 
dependence of L,/L, with field size, Figure 
4, was not appreciated. Accordingly it 1s 
believed that this slight difference is a sys- 
tematic error in the adjustment of the light 
localizer diaphragm and there is no varia- 
tion of the ratio L/L, with target-film dis- 
tance, within these limits. 


114 


Contrast Improvement Factor 
N 





0 10 


Absorber Thickness, cm Water 


20 


Fic. 6. Variation of the contrast improvement factor 
K, as a function of absorber thickness for various 
air gap widths. 


VARIATION OF L/L, WITH AIR GAP WIDTH 
AND ABSORBER THICKNESS 


The variation of L,/Z, with absorber 
thickness and air gap width is shown in 
Figure 2 with the thickness as the principal 
parameter and Figure 3 with gap width as 
the principal parameter. Recalling that the 
posteroanterior projection of the chest can 
be very nearly simulated by a solid ab- 
sorber if the approximation is made that 
the chest density is equal to 0.5,° it ts seen 
that for a 1 inch air gap, which is typical of 
a wall mounted cassette holder and for an 
average 22 cm. chest diameter simulated 
by 11 cm. of water, 3 out of 4 photons that 
produce light in the intensifying screen are 
Compton scattered photons and, accord- 
ingly, carry no information. This observa- 
tion is in good agreement with the data of 
Wilsey,? although it is higher than the 
value quoted by Seeman.” 


CONTRAST IMPROVEMENT FACTOR 
A contrast improvement factor for grids, 
K, was defined by Bonenkamp and Hondius 
Boldingh? to establish an index of effective- 
ness of various grids: 


u I+ Lal Eg 
1+ LU LI 
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where L, is the screen luminance due to 
primary radiation and L, is the luminance 
due to scattered radiation. The primed 
quantities are measured with a grid, the 
unprimed quantities without a grid. In a 
similar fashion, a contrast improvement 
factor for air gaps can be defined: 


I + Lai Lo eee 
I + (L4 Ly)oir gap 


The contrast improvement factors for air 
gaps calculated from the data in Figure 2 
are shown in Figure 6. 

These data can also be used to compare 
the air zap method with conventional grids. 
This is done in Table rv where the grid data 
are taken from Hondius Boldingh.* Typical 
data are shown for light, medium, and 
heavy grids. It is seen that the 10 inch air 
gap is comparable to a medium weight grid 
and that for thin absorbers, a § inch air gap 
is comparable to a light grid. 


THE EFFECT OF SCATTER RADIATION ON 
VISUAL CONTRAST 
The concept of visual contrast has been 
proposed to investigate the effect of scat- 
tered radiation on the contrast perceived 
by observer.? Visual contrast was defined in 
terms of the luminance of adjacent areas on 
a view box. The contrast of these two 
quantities should be proportional to the 


TABLE IV 
CONTRAST IMPROVEMENT FACTOR 


(100 kVp, 30X30 cm. field) 














Fu Air Gap Grid 
(cm. water) sin. | Io in. | No. 5*| No. 7*| No. io” 
IO 1.39 | 1,81: | 1,50 | 1.75 | 1.65 
20 f.27 | 2,21 | 4,10 | 2.36 | 2.94 
Grid Ratio lines/cm. mg./cm.? 
5 7*1 29 390 
7 9:I 23 460 
II 1613 27 30 





* Data from W. Hondius Boldingh.* 
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contrast in the illumination of the ob- 
server's retina. The visual contrast was 
shown to be: 








where a= E,,/Ebp, the ratio of the exposure 
under an object due to primary radiation 
and the exposure to the background due to 
primary radiation, and R=£,/£,,. where 
E, is the film exposure due to scattered 
radiation. The slope of the characteristic 
curve of the film is y. 

The contrast that would be obse-ved in 
the radiation flux at the level of the x-ray 
flm, if no scatter were present wou d be 


Ew — Ep Ia 


= a2) 
Eup + Eo Id 


The relative visual contrast, that is the 
visual contrast divided by the visual con- 
trast, C,., that would be observed if no 
scatter were present, is plotted in Isgure 7 
for a range of object contrast as a fanction 
af R=E,/E,,. A typical value of y=2.7 
was used. it is seen that the degrad: tion of 
visual contrast due to scattered radiation 
does not depend very much on the object 
contrast. 

The techniques can also be compzred by 
calculating the relative visual contrzst that 
would be expected. This has been done for 
the case of chest radiography in Table v. 
It is seen that in the posteroanterpr pro- 
jection relative visual contrast is increased 
appreciably when an air gap is used In the 
lateral projection under these assumed con- 
ditions the air gap techniques increase the 
visual contrast markedly over that which 
would be obtained with no grid (o.r7), but 
they cannot achieve as good a redu: tion of 
the scattered radiation as 1s obtainec with a 
grid technique. 





Co 


MAGNIFICATION AND AIR GAP TECHNIQ "ES 


Air gap techniques change the -elative 
magnification of the examination. This may 


Control of Scattered Radiation 


iis 


| i s 


Fic. 7. Variation of the relative visual contrast, the 
visual contrast at the level of the observer's 
retina divided by the visual contrast that would 
be present if there were no scattered radiation, as 
a function of the ratio of the film exposure due to 
scattered radiation, Æs, to the film exposure due to 
primary radiation, Ey. Calculations were made for 
3 different degrees of subject contrast, Co. 


be compensated for by using a larger target- 
to-film distance. To examine this effect in 
chest radiography, calculations were made 
of the magnification of an object located at 
midplane in 22 cm. diameter chest for pos- 
teroanterior projection and at the midplane 
of 30 cm. diameter chest for the lateral pro- 
jection. The relative magnification was cal- 
culated as a function of air gap width and. 
TFD and compared to the magnification 
for conventional exposures using a 6 foot 
TFD. Results of this calculation are shown 
in Figure 8, where it is seen that the mag- 
nification of a 5 inch air gap at a Io foot 
TFD is very nearly equal to the magnifica- 
tion of a conventional examination at 6 
foot TFD. A roentgenogram made with a 
10 inch air gap at Io foot TFD would show 
a slightly greater magnification than for 
conventional techniques. 

Another approach to this problem is to 
consider the effect on modulation transfer 
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TABLE V 


COMPARISON OF VISUAL CONTRAST WITH CONVENTIONAL AND AIR GAP TECHNIQUES IN CHEST RADIOGRAPHY 








Equivalent 


Potenti Vir pta Density, Water 
roJection ICKNECSS, (gm. /cm.?) Thickness 
(cm.) (cm.) 
Posteroanterior 22 0.5 II 
Lateral 30 0.6 18 








Relative Visual Contrast 


Lui. 





for C, 20. 1 

Air Gap Air Gap 
Conventional] 5 in. |10in.| Conventional] § in. | 10 in 
2.8 Lam ma o.28 PIPPI 
g E TS | 4.2 | 2,60 1:39. 19,0.94" 1.0.22 ] 9.36 








* Calculated from the data of Hondius Boldingh for a medium weight grid. 


function of the system. Typical results of 
this approach are shown in Figure 9 for the 
posteroanterlor projection and Figure 10 
for the lateral projection. Experimental data 
for Par Speed screens by Rossman were 
used.!! The uniform focal spot illumination 
approximation of Morgan was used to cal- 
culate the focal spot MTF.? It was as- 
sumed that exposure times could be made 
short enough that motion unsharpness 
could be neglected. 

It is seen that the MTF with a 5 inch air 
gap at Io foot TFD is very similar to that 
of conventional techniques in both projec- 
tions. The high frequency response with a 
Io inch air gap is slightly poorer. 


PATIENT EXPOSURE 


The data of Table 1 show that the pos- 
terior surface exposure of the patient was 
about the same for 4 or 10 inch air gaps as 
compared with conventional techniques. 
For an exposure simulating a lateral pro- 
jection at 125 kVp the patient exposure 
‘was reduced by a factor of 5.5 for a 5 inch 
and by a factor of 3.8 for a 10 inch air gap 
compared with a conventional technique 
using a 12:1 grid. 


DEPENDENCE OF Ls/Lp ON FIELD SIZE 


The strong dependence of L./L, on field 
size shown in Figure 4 can be explained 
qualitatively from Figure 11. An absorber 
is irradiated first with field A. The con- 
tribution of radiation scattered from some 
small volume a; to a point in the absorber, 
P,, is indicated by the arrow. With a larger 
field, such as B, additional volumes, such 


as bi, are also irradiated. For photon beams 
in the diagnostic energy region, however, 
the dose at P, becomes almost independent 
of field size as the field size increases. This 
Is because the attenuation of the scattered 
photons in the absorber is so severe that 
points such as b; make very little contribu- 
tion to the dose at P, because the path 
length trom b, to P, is so long. This phe- 
nomenon is illustrated by the data of 
Jackson? which are quoted in Table v1. 
The situation is quite different in the ra- 
diographic situation where the point of 
interest, Ps, representing the radiographic 
film, is outside the absorber. Here, as in the 
illustration, the path length through the 
absorber is only slightly longer from b; to 


P, than from a» to Py. The attenuation in 


Lat 


Relative Magnification 
o 


Target - Film Distance, ft. 


Frc. 8. Relative magnification of an object at mid- 
plane in a 22 cm. posteroanterior chest and mid- 
plane in the 30 cm. lateral chest as a function of 
target-tilm distance for various air gap widths. 
Results have been normalized by dividing by the 
magnification that would be present with conven- 
tional techniques. 
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air Is negligibly small. Thus volumes such 
as b» make a significant contribution to the 
dose at P+. Thus even for fields as large as 
1,535 cm.” (14X17 inches) the contribution 
of scattered radiation 1s still increasing 
rapidly, as can be seen in Figure 4. 


SUMMARY AND CONCLUSIONS 


The ratio of the light emitted by an in- 
tensifying screen in the cassette due to 
scattered radiation, L., to the amount of 
light emitted due to primary radiation, Lp, 
has been determined as a function of the 
parameters that must be considered 1n es- 
tablishing air gap techniques in chest ra- 
diography. Data were obtained varying the 
tube potential from 60-140 kVp. Measure- 
ments were made using a 14X17 inch field 
at 6 and 10 foot TFD with absorbers simu- 
lating water phantoms varying in thickness 
from 7.4 to 21.7. The air gap was varied 
between $ and r5 inches. 

It was found that there was no system- 
atic variation of L,/L, as a function of tube 
petential. This experimental result was ex- 
plained by calculations based on the theory 
of the Compton differential cross-section. 
It was found that when the incident photon 
energy varies from 10 keV to 140 keV the 
most probable angle of scattering changes 
only from about 53? to 45? and the cross- 





Object Frequency, cycles /mm 


Fre. 9. Calculated Modulation Transfer Functions 
(MTF) for an object at midplane in a 22 cm. 
posteroanterior chest. A 2 mm. focal spot was 
assumed with Par Speed film and screens. Motion 
unsharpness was neglected. (a) TFD 6 ft.; 1 inch 
gap between back of automatic exposure timing 
ronization chamber and cassette. (b) TFD ro ft.; 
holder plus 5 inch air gap. (c) TFD 16 ft.; holder 
plus to inch air gap. 
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Object Frequency, cycles /mm 


Fic. 10. MTF calculated for the case of a test object 
at midplane in a 30 cm. lateral chest. Otherwise 
conditions as in Figure 9. 


section changes only by about 15 per cent. 

To compare the air gap technique with 
conventional grids, contrast improvement 
factors were calculated. It was found that 
a Io inch air gap 1s comparable to a medium 
weight grid and that for thin absorbers, a 
5 inch air gap is comparable to a light grid. 
These conclusions were confirmed in the in- 
stance of chest radiography by calculations 
of the resulting visual contrast. 

In air gap techniques the TFD must be 
increased to compensate for the magnifica- 
tion introduced by the air gap. Calculation 
showed that a 10 foot TFD with a 5 inch 
air gap gave magnification essentially the 
same as that with conventional techniques. 
The magnification for a 10 inch air gap was 
about § per cent greater in both postero- 





Fic. 11. Diagram illustrating the dependence of the 
ratio Ls/Lp as a function of area irradiated for 
points inside and outside of the absorber. See text. 
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TABLE VI 


EFFECT ON CENTRAL AXIS DEPTH DOSE WHEN THE 
SURFACE AREA IS REDUCED BY 200 CM.?* 
(HVL 3 mm. Al, 10 cm. depth) 











Percentage Reduction 
in Depth Dose 


Change in Surface Area 
(cm.?) 


I , 200-1 ,000 
I ,000-800 
800-600 
600-400 
400-200 I 
200-60 24 


= ON YW 





* Data from Reference 9. 


anterior and the lateral projections. Calcu- 
lations of the modulation transfer functions 
showed that the MTF with a 5 inch air gap 
at Io foot TFD was essentially the same as 
conventional technique. When the air gap 
was increased to Io inches, the high fre- 
quency response of the system was slightly 
poorer. 

Patient exposure is about the same for 
air gap techniques as conventional tech- 
niques in the posteroanterior projection. 
Air gaps of § or 1o inches at 10 foot TED 
reduce patient exposure by factors of 5.5 
and 3.8, respectively, compared to a con- 
ventional technique using a 12:1 grid. 

Finally, although the interest of this in- 
vestigation was in chest radiography, a set 
of measurements were made of L,/L, as a 
function of field size. It was found that this 
ratio is strongly dependent on the area ir- 
radiated. 

In summary, for a posteroanterior pro- 
Jection in chest radiography, air gap tech- 
niques at Io foot TFD produce somewhat 
better visual contrast with no change in 
resolution or patient exposure. For the 
lateral projection the visual contrast is 
poorer than that obtained with a conven- 
tional technique using a grid, the resolution 
is about the same, but patient exposure is 
reduced by a factor of 4 to 6. 


John Hale, Ph.D. 

Department of Radiology 

Hospital of the University of Pennsylvania 
3400 Spruce Street 

Philadelphia, Pennsylvania 19104 
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EVALUATION OF PULMONARY PERFUSION 
PATTERNS IN CHILDREN WITH 
TETRALOGY OF FALLOT 


By FRANCIS A. PUYAU, M D.,* and GEORGE R. MECKSTROTH, Pu.D.t 


NEW ORLEANS, LOUISIANA 


See management of children 
with cyanotic congenital heart disease 
requires. knowledge of their pulmonary 
blood flow patterns. Pulmonary blood flow 
may change as the natural history »f such 
lesions evolve, but more frequently as a 
result of surgical procedures. The evalua- 
tion of pulmonary blood flow in 18 children 
with the tetralogy of Fallot emoloying 
radionuclide lung imaging and ang»cardi- 
ography indicates that interpretacion of 
lung scans are dependent on many factors 
in addition to the anatomy of the original 
anomaly. 


MATERIAL AND METHOD 


Eighteen children with the tetra ogy of 
Fallot were investigated. The children were 
divided into 3 groups according to surgical 
repair. Three children were placed in 2 
groups for a total of 21 studied. 

Group I. Four children were evaluated 
before any surgical treatment. 

Group II. Seven children had some type 
of shunt operation prior to investigation. 

Group III. Ten children had uncergone 
complete repair. 

Table 1 indicates the sex, age, and zarious 
physiologic parameters obtained in 2ardiac 
catheterization. 

Anterior, posterior and lateral v ews of 
the lung were obtained with either < single 
or dual probe rectilinear scanner employ- 
ing I3! MAA. Maximum count rate and 
visual display were employed to e:timate 
relative perfusion of each lung. Angio- 
cardiography was obtained in each instance 
by means of image amplification aad cine 


recording and/or a cut film changer. Con- 
trast medium injections into the right 
ventricle, by means of a power injector, 
were carried out in both oblique and/or 
frontal and lateral projections. 


RESULTS 


Group I. Three of the 4 children had re- 
duced pulmonary perfusion on the left 
shown both on lung scans and angiocardio- 
grams (Fig. 1, 4 and B). The left pulmo- 
nary artery was smaller than the right in 
all 3. In each, the left lung received less 
contrast material (Fig. 18). Both pulmo- 
nary arteries were extremely small in 
Patient 3 who had uniform accumulation 
of tracer in the lungs. Infundibular pulmo- 
nary stenosis was present in all 4 patients. 

In each instance, the tracer study was an 
accurate reflection of the relative perfusion 
of each lung. 

Group II. Functioning systemic to pul- 
monary artery shunts were demonstrated 
angiographically in all 7 children. Ra- 
dionuclide lung images failed to accu- 
rately delineate pulmonary perfusion in 
these children. In 4 children with functional 
right subclavian, right pulmonary artery 
anastomoses, 2 had increased tracer on the 
left, 1 had marked accumulation on the 
right and 1 had uniform distribution (Fig. 
2). In 3 children with functioning aorta to 
pulmonary artery anastomoses there was 
marked ipsilateral accumulation of tracer 
(Fig. 34): 

In this group pulmonary perfusion pat- 
terns were most accurately evaluated by 
angiography. One child with a functioning 
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TABLE | 
SUMMARY OF FINDINGS IN I8 PATIENTS 
Pressure—mm. Hg 
A O» Saturation 
Patient | Sex ae Systemic Right Right Pulmonary Artery Comments 
(yr-) Artery Systemic Ventricle | Ventricle 
Artery Inflow | Outflow | Main | Right | Left 
Group I 
I M 4 1% 100/52 100/0-7 — — — — 
2 M 5 90% 102/58 100/0 — — 12/4 — 
3 M 3 1% 100/52 | 115/0-7 — — — — 
4 M 6 75% 85/55 85/7-5 37/—2-§ | 15/2 | 12/o — 
Group II 
5 M 7 85% 100/50 95/0 — — — — | Subclavian right pulmonary 
artery anastomosis 
6 M 9 82% 80/50 | 105/o-5 80/100 — — — | Subclavian right pulmonary 
artery anastomosis 
7 M I4 — 105/65 — — — — — | Subclavian right pulmonary 
artery anastomosis 
8 M 8 82% 96/38 96/ 38 — -— — — | Subclavian right pulmonary 
artery anastomosis 
9 M 7 85% 94/42 80/0 25/75/0 — -— — | Aorta—left pulmonary ar- 
tery anastomosis 
IO M II 82% 100/60 100/0 25/0 25/8 -- 25/8 | Aorta—left pulmonary ar- 
tery anastomosis 
II M I 76% 110/60 110/0 — 22/8 -— 20/8 | Aorta—right pulmonary ar- 
tery anastomosis 
Group III 
12 M 9 85% 112/68 100/10-20 — 42/20 | 42/20 | — | Open VSD-CHF 
2 M 5 95% 100/40 35/0-5 — 25/5 | 20/5 — | Pulmonary insufficiency 
13 F IO 95% 105/56 35/0 — 27/8 | 26/5 — | VSD open-minimal shunt 
14 F II 92% 105/50 ço/o 30/0 10/6 — 10/6 | Pulmonary insufficiency 
Is M 7 95% 108/67 33/0 — —2/8 22/8 — | Subaortic stenosis 
16 F 5 95% 105/55 40/0 — 35/4 | 25/6 18/3 | Mild left pulmonary artery 
coarctations 
17 M 12 95% 100/54 30/0 — 24/2 | 24/1 — | Pulmonary insufficiency— 
LPA obstructed 
18 M 13 93% 100/62 | 105/0 — 22/10 | 12/5 — | Main and bilateral pulmo- 
nary artery coarctations 
8 M 8 70% 102/63 90/30 -- 83/25 | 43/25 | — | VSD open-pulmonary in- 
sufficiency-heart failure 
9 M | 16 95% 105/70 30/0-5 — 25/8 — 20/8 | Pulmonary insufficiency 











VSD = ventricular septal defect; CHF= congenital heart failure; LPA — left pulmonary artery. 


aorta to left pulmonary anastomosis had 
flow to the right lung via the right heart 
‘while flow to the left lung was excessively 
via the left heart (Fig. 3, B and C). 

Group III. Five of 10 children had de- 
creased perfusion to the left lung confirmed 
by radionuclide imaging and angiocardio- 
grams. Ín these 5 children, the left pulmo- 
nary artery was smaller than the right, and 
a larger amount of contrast material passed 
into the right lung. The flow from the right 
ventricle was mainly directed into the right 
pulmonary artery and the aorta no longer 
filled from the right ventricle through the 
septal defect (Fig. 4, 4 and B). 


| 











Three of the children had absent blood 
flow to the left lung confirmed by radio- 
nuclide imaging and angiograms. In each 
child the left pulmonary artery failed to fill 
with right ventricular angiography (Fig. s, 
4 and P). Radionuclide imaging accurately 
demonstrated pulmonary perfusion pat- 
terns in this group of patients. 


DISCUSSION 


Evaluation of pulmonary perfusion by 
means of radionuclide lung imaging has 
been advocated in children with cyanotic 
congenstal heart disease. Previous reports 
indicate that children with tetralogy of 
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Fallot and functioning systemic to pulmo- 
nary artery anastomoses have increased 
tracer accumulation in the lung contra- 
lateral to the side of the systemic to pul- 
monary artery shunt.*? However, tracer 
accumulation was greater in the ipsrateral 
lung in 4 of 7 children included m this 
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Fic. 2. Lung scans of Patients 5-8 from Group 11 who 
had functioning right subclavian right pulmonary 
artery anastomoses. Patients 5 and 7 have in- 
creased tracer in the left lung, Patient 6 demon- 
strates uniform distribution of tracer, and Patient 
8 has nearly absent tracer on the left. 


study. One child had experienced throm- 
bosis of the contralateral pulmonary artery 
as the result of previous surgery. The re- 
maining 3 children had very large aorta to 
pulmonary artery anastomoses. 

Of the 3 remaining children, 2 had lung 
images in which the major distribution of 
radionuclide favored the lung contralateral 
to a functioning shunt. Presumably in these 
children, the dominant flow from the right 
ventricle is to the contralateral pulmonary 
artery. The dominant flow to the ipsilateral 
lung is v/a the subclavian shunt. If the flow 
through the pulmonary valve and ventricu- 
lar septal defect is about equal, there will 
be greater dilution of tracer in the blood of 
the aorta than in the blood of the pulmo- 
nary artery due to mixing with tracer-free 
blood from the left ventricle. Thus, the 
ipsilateral lung tends to accumulate less 
tracer. On the other hand, if the flow 


Fic. 1. (4) Lung scans of Patients 1-4 from Group 1. ; i 
Patients 1, 2, and 4 have reduced tracer on -he left. through the ventricular septal defect is 


Patient 3 demonstrates uniform tracer accimula- much greater than through the pulmonary 
tion. (B) Anteroposterior right ventricular angio- valve, and there is a large shunt present, 
cardiogram of Patient 4. A Jet 1s directed mto the greater accumulation can occur on the ipsi- 


right pulmonary artery. The left pulmonary ņ, xd si : 
artery is smaller and arises more medially than lateral side by means of the shunt. For E 


normal, somewhat at an acute angle. There is subjects included B this study, it appears 
filling of the aorta via a ventricular septal defect. that radionuclide distribution in the lungs 
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Fic. 3. (4) Lung scans of Patients 9-11 of Group 11 with functioning aorta to pulmonary artery anastomoses. 
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There is a greater accumulation of tracer in the lung on the right of Patient 11 and on the left of Patients 
g and 10. Each had increased accumulation on the side of the anastomosis. (B) Anteroposterior view of 
an ascending aorta injection of contrast medium of Patient 10. The functioning descending aorta to left 
pulmonary artery anastomosis is shown. Note preferential filling of the left pulmonary artery. (C) Antero- 
posterior view of a pulmonary artery injection of contrast medium of Patient 10. There is no filling of the 
left lung or the right upper lobe. Previous surgical anastomosis between the right subclavian and the right 


pulmonary arteries had failed. 


after a shunt procedure depends on the 
following factors: (1) Total volume of 
blood passing through the pulmonary valve 
versus the ventricular septal defect; (2) pat- 
ency and size of the shunt; (3) patency of 

_the pulmonary arteries; and (4) additional 
areas of stenosis or atresia of the pulmonary 
arteries. 

In view of these variables, it is clear that 
radionuclide imaging alone cannot be used 
to predict the functional state of lung per- 
fusion in a child with the tetralogy of Fallot 
following a systemic to pulmonary artery 
anastomosis. 

Lung images more accurately reflect pul- 
monary perfusion in the untreated and 
totally repaired patient with tetralogy of 
Fallot. In these patients lung scans fre- 


quently show decreased flow to the left 
lung. The angiograms showed the left pul- 
monary artery to be somewhat smaller than 
the right. Flow is directed predominantly 
to the right lung because of the anatomy of 
the outflow tract of the right ventricle and 
pulmonary arteries. This apparently per- 
sists despite total repair. The absent per- 
fusion on the left in 3 “totally repaired" 
patients was a surprising finding, but a 
potentially lethal complication since any 
disease which affects the opposite side can 
rapidly lead to respiratory failure. All 3 
had apparent thrombosis of the left pulmo- 
nary artery as a result of surgery. 

Lung scans remain useful as a screening 
method in evaluation of pulmonary perfu- 
sion in children with the tetralogy of Fallot, 
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but are much less informative than angio- - 
cardiograms which also reveal inform ation 
regarding cardiac anatomy. 


SUMMARY 





Twenty-one children with the tetralogy 
of Fallot were evaluated for pulmonary 
blood flow patterns employing radionuclide 
lung imaging and angiocardiograms. Four 
were studied before surgery, 7 after a «hunt 
operation and Io after total repair. 

Before surgery there 1s increased tracer 
concentration in the right lung because of 
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l6 Fre. c. (4) Lung scans of Patients 8, 17, 18 from 
Group 111 who had absent perfusion of the left lung. 
(B) Anteroposterior right ventricular angiocardio- 
gram obtained following complete repair of Pa- 
tient 17. There is a bulge in the outflow tract of 
the right ventricle. Only the right pulmonary 
artery is filled with contrast material. 


the anatomy of the outflow tract of the 
right ventricle and pulmonary arteries. 
After a successful shunt operation, the dis- 
tribution of tracer depends on multiple fac- 
tors not entirely discernible from radio- 
nuclide lung images. After total repair 
radionuclide distribution is comparable to 
that before surgery, favoring the right lung, 
and frequently, exclusively so. 


Francis A. Puyau, M.D. 

Department of Radiology 

uh. Louisiana State University 
Medical Center 

1642 Tulane Avenue 

New Orleans, Louisiana 70112 


Fic. 4. (4) Lung scans of Patients 2, 12-16 trom 
Group m1. Only Patient 15 had uniform distabu- 
tion of tracer; the others had decreased tracer ac- 
cumulation on the left. (B) Right anterior obl que 
right ventricular angiocardiogram of Patient 16. 
The anterior bulge of the right ventricular outdow I. CHEN, J. T. T., Capp, M. P., Jounsrupe, I. S., 
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THE RADIOGRAPHIC DIAGNOSIS OF PULMONARY 
HYPERTENSION FOLLOWING BLALOCK- 
TAUSSIG SHUNTS IN PATIENTS WITH 

TETRALOGY OF FALLOT* 


By KENDALL MARR, M.D., FRANK A. GIARGIANA, Jr., M.D., and ROBERT I. WHITE, Jr., M.D. 


BALTIMORE, MARYLAND 


OMPLICATIONS of the subclavian- 

pulmonary artery anastomosis— Bla- 
lock-Taussig (B-T) shunt—incluce ob- 
struction, stenosis, congestive heart failure 
and pulmonary hypertension.!:3~® [f severe 
enough, pulmonary hypertension precludes 
total correction and thus there is a need for 
earlv recognition of the development of 
this complication. 

Because of our clinical suspicioa that 
there were reliable roentgenographic signs 
suggesting pulmonary hypertenspn, a 
study of patients having B-T shurts and 
follow-up cardiac catheterizations docu- 
menting either pulmonary hypertension or 
normal pulmonary artery pressure was 
undertaken. 


MATERIAL AND METHOD 


Among the 685 patients with tetralogy 
of Fallot, who were operated on between 
1945 and 1951 at The Johns Hopkins 
Hospital, 601 had a B-T shunt.’ Only 20 of 
these patients were known to have devel- 
oped pulmonary hypertension. All of these 
patients had an end-to-side rather taan an 
end-to-end anastomosis between the sub- 
clavian and pulmonary arteries. Pulmo- 
nary hypertension was documented by 
cardiac catheterization in 12 of these pa- 
tients. In the remaining 8 patients, pulmo- 
nary hypertension was documented either 
by pressure measurements at the time of a 
second operation or by postmortem 2xami- 
nation where the pathologic changes of 
severe pulmonary hypertension were dem- 
onstrated. Serial chest roentgencgrams 
were available for review in 7 ef the 


* From the Cardiovascular Division, Department of Radiology 
Baltimore, Maryland. 


Supported in part by USPHS Training Grant r- Tor EL §970-02. 


catheterized patients, and these provided 
the basis for this study. In addition, chest 
roentgenograms of 6 randomly selected 
patients with documented normal pulmo- 
nary artery pressures following B-T shunts 
were used as controls. 

The cardiothoracic ratio (CTR), and 
the maximum diameter of the pulmonary 
artery segment supplying the right middle 
and lower lobes hereafter referred to as the 
descending portion of the right pulmonary 
artery (RPA), were measured from the pre- 
and postoperative chest roentgenograms 
of each patient.? The ratio of the maximum 
diameter of the descending portion of the 
right pulmonary artery to the cardiac width 
(RPA/C) was calculated. This ratio ac- 
curately reflects disproportionate changes 
in pulmonary artery and cardiac diameters. 

Data were also abstracted from the his- 
tory of each patient. Special emphasis was 
directed to changes in cyanosis, changes in 
the intensitv of the continuous murmur 
and the presence or absence of hemoptysis. 


RESULTS 


The pulmonary arteries increased in size 
centrally and peripherally, in all patients. 
following the B-T shunt. As pulmonary 
hvpertension developed, the size of the 
central pulmonary arteries increased dis- 
proportionately when compared to the 
peripheral vessels (Fig. 1-3). The periph- 
eral pulmonary vessels remained  un- 
changed from the I year postoperative 
appearance in 4 patients. In 2 patients, 
there was a slight increase in the size of the 
peripheral pulmonic vessels as pulmonary 
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Fic. 1. Patient RH. (4) Preoperative chest roentgenogram and (B) 1 year postoperative roentgenogram. 
The central and peripheral pulmonary vasculature are increased 1 year postoperatively. 


hypertension developed, while in the last 
patient they decreased in size from the 
early post shunt appearance. All of the 
patients with normotensive pulmonary 
arteries developed a mild increase in their 
central and peripheral pulmonary vascula- 
ture which remained constant on serial 
roentgenograms following the B-T shunt. 

The CTR in the pulmonary hypertensive 
group increased in the year following the 
shunt, as it did in the control group (Fig. 4). 
After that, the CTR remained unchanged 
or increased in size in the hypertensive 
group and decreased in the normotensive 
group. 

Increase in size of the central pulmonary 
arteries was the most reliable sign of pul- 
monary hypertension. This was reflected 
in the RPA and RPA/C measurements 
(Fig. § and 6). All patients with pulmonary 
hypertension developed a maximum diame- 
ter of the descending RPA in excess of 20 
mm.; this was true regardless of the side 
of the B-T shunt. In 2 patients (WB and 
GK) the right pulmonary artery doubled 
in size I year following operation. Increases 
in the central pulmonary artery size were 
more gradual in the remaining patients. 
In the group with normal pulmonary artery 
pressures, most of whom were followed at 
least 10 years, the diameter of the descend- 
ing RPA never exceeded 20 mm. (Fig. 5). 


At the time of our review, 5 of the 7 
hypertensive patients were living, 1 died 
during attempted total correction and 1 
was lost to follow-up. Two of the patients 
were severely incapacitated by dyspnea 
and fatigue, while the remaining 3 pa- 
tients, despite some symptoms, were able 
to attend school or work. Hemoptysis was 
a major symptom in 3 patients and was re- 
current in 2 of these. The development of 
pulmonary hypertension was recognized 
clinically in these patients by both in- 
creasing cyanosis and hematocrit, and a 
diminurtion or absence of the continuous 
murmur. 

Data from cardiac catheterization were 
available for review from 6 of the 7 pa- 
tients with pulmonary hypertension (Table 
1). Elevated pulmonary artery pressures 
were documented as early as 4 years after 
B-T shunting (Patient GK). Serial catheter- 
ization in patient RH over a 3 year period 
demonstrated a marked increase in pul- 
monary artery pressure and a fall in arterial 
oxygen saturation. These data are consist- 
ent with a marked increase in pulmonary 
vascular resistance and a fall in pulmonary 


blood ftow. 
DISCUSSION 


Pulmonary hypertension following B-T 
shunts is one of the most serious complica- 


Vou. 122, No. 1 





tions that can occur after this type of 
surgery. ?-? The pulmonary vasculature 
when examined pathologically has the 
typical changes of the “Eisenmenger reac- 
tion” including intimal fibrosis, medial 
hypertrophy and atherosclerosis of the 
pulmonary arteries.? Once the pulmonary 
vascular resistance (PVR) becomes ele- 
vated to a level approaching systemic vas- 
cular resistance (SVR), the patient is no 
longer a candidate for corrective surgery. 


Pulmonary Hypertension Following B-T Shunts 


Fic. 1. Patient RH. (C-E) Serial roentgeno- 
grams at ages 11 (C), 18 (D) and 21 (£) years. 
By age 11 the central vessels have further in- 
creased and the peripheral vessels have de- 
creased. Cardiac catheterization at ages 18 
and 21 revealed elevated pulmonary artery 
pressures of 71/38 and 120/68 mm. Hg, re- 
spectively. Associated with the rise in pul- 
monary artery pressure and resistance and 
the fall in pulmonary blood flow, which 
occurred between ages 18 and 21, there was 
progressive increase in the size of the central 
pulmonary arteries. 


Clinically, patients with pulmonary hy- 
pertension, obstruction, or severe stenosis 
of their B- T shunts may present similarly, 
in that their continuous murmur dimin- 
ishes or disappears, while the degree of 
cyanosis increases and the hematocrit 
rises. One frequent symptom which may 
occur in these patients is repeated hemop- 
tysis.2 When the chest roentgenographic 
findings are those of enlarging pulmonary 
arteries, then all of these symptoms and 
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Fic. 2. Patient RH. (4—C) Close up views of the peripheral pulmenary vessels. Increased pulmonary vascula- 
ture is demonstrated on the postoperative roentgenograms (B). By age 11 (C), 8 years after the right B-T 
shunt the peripheral vessels have decreased in caliber. This is unusual and in most cases of pulmonary hy- 
pertension the peripheral vessels remained unchanged from the postoperative appearance, while the central 
vessels increased in size. 


signs can be attributed to pulmonary hy- 
pertension. 

The diagnosis of pulmonary hypertension 
can be suggested by analysis of serial chest 
roentgenograms as demonstrated in this 
paper. Although the time interval between 
the B-T shunt and catheterization was 
relatively long (10 years in all but 1 pa- 
tient), the roentgenographic findings sug- 
gesting pulmonary hypertension occurred 
much earlier, often within 1 to 2 vears of 
surgery. Increasing size of the central pul- 
monary vasculature was present in all pa- 
tients with pulmonary hypertension. This 
finding allows us to separate those patients 
"from the patients who develop obstruction 
or stenosis of their B- T shunt. In this latter 
group, the postoperative appearances of 
the central pulmonary vessels remain un- 
changed on serial roentgenographic exami- 
nation. 

Our experience with the “Eisenmenger 
reaction" occurring in patients with left-to- 
right shunts is similar to our experience 
with pulmonary hypertension in patients 
following B-T shunts, in that the peripheral 
vessels in most cases really don’t taper 
down or become “pruned” as is so often 


stated. Instead, the central vessels increase 
in size dramatically creating the optical 
illusion of a “relative pruning” of the 
peripheral pulmonary vasculature. It is 
also clear that hemodynamically the ele- 
vated pulmonary artery pressures are not 
simply a result of increased PVR, but in- 
stead are the result of a combination of 
increased pulmonary blood flow (through 
the B-T) and increased PVR. As pul- 
monary hypertension progresses, the pul- 
monary blood flow (PBF) decreases and 
the pulmonary vascular resistance in- 
creases. Increasing PVR is reflected in these 
patients by reductions in arterial oxygen 
saturation, rising hematocrit, increased 
cyanosis, decreased continuous murmur 
and hemoptysis. 

Early recognition of the development of 
pulmonary hypertension is possible, as 
demonstrated in patient RH (Fig. 1 and 2). 
In this patient, there were serial changes on 
the chest roentgenograms and also serial 
catheterizations suggesting that at one 
point m his course the patient was po- 
tentially correctable, while later his PVR 
was at a level that would have made total 
correction prohibitive. The radiologist is in 
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a unique position to be the first to suggest 
the diagnosis of developing pulmona-y hy- 


pertension by analyzing postoperative 
chest roentgenograms. While rare this 
complication, if discovered early, can be 
aborted by total correction of tetralegy of 
Fallot and ligation of the B-T shunt Fail- 
ure to suggest pulmonary hypertensicn and 
failure to demand hemodynamic evaluation 


Pulmonary Hypertension Following B-T Shunts 


Fic. 3. Patient GK. (/4-C). Serial chest roent- 
genograms demonstrating the rapid de- 
velopment of pulmonary hypertension. By 
the fourth year postoperatively, the pul- 
monary artery pressure was at systemic levels 
and the roentgenograms were consistent 
with pulmonary hypertension. 


in the patient with enlarging pulmonary 
arteries following a B-T shunt is an error 
of omission which does a serious disservice 
to the patient. 


SUMMARY 


Serial chest roentgenograms of 7 pa- 
tients with tetralogy of Fallot, who de- 
veloped pulmonary hypertension following 
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Fic. 4. Graph plotting cardiothoracic ratio (CTR) to time postoperatively in hypertensive and normotensive 
patients following B-T surgery. In patients with pulmonary hypertension, the CTR increased and re- 
mained so, while the CTR decreased with time in the normotensive patients. 


TETRALOGY OF FALLOT FOLLOWING B-T SHUNT 
RIGHT PULMONARY ARTERY DIAMETER 
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Fic. 5. Graph relating right pulmonary artery diameter (RPA) measurements to years after B-T surgery. 
In patients with pulmonary hypertension the diameter of the RPA progressively increased in size at vary- 
ing rates, while the RPA increased slightly in normotensive patients postoperatively and then remained 
constant. 
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Fic. 6. Graph relating right pulmonary artery diam- TETRALOGY OF FALLOT FOLLOWING B-T SHUNT. RIGHT 
eter to transverse cardiac diameter (REA/C) on PULMONARY ARTERY DIAMETER /CARDIAC DIAMETER RATIO 
serial chest roentgenograms after B-T surgery. In 35 
the patients with pulmonary hypertersion the 
RPA/C ratio increased, indicating that the most 
dramatic change occurring in pulmonary hyper- 30 
tension was enlargement of the pulmonary arteries. 
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subclavian-pulmonary artery anas-omosis 
— Blalock-Taussig (B-T) shunt—were com- 
pared to a similar group of patients with 
normal pulmonary artery pressures follow- a 
ing B-T shunts. io s 
The pulmonary hypertensive greup de- 
veloped a disproportionate increase in the 
central pulmonary vascularity when com- j 
pared to the peripheral vessels. In contrast 
to the normotensive group, the cardio- 
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TABLE Í 


CLINICAL AND HEMODYNAMIC SUMMARY: PULMONARY HYPERTENSION POST B-T SHUNT 











Wiss "—— Continuous — PA Press O» Saturation 
TN wets : 5 T Hemoptysis Marmur Cyanosis ‘Cats Syst/Diast % 

P i At Cath i ( ) PA/AO 
WB I2 -— absent marked 28 353/81 (9)* 71/79 
409351 
ox. 15 -- faint slight 28 85/47 (60) 80/85 
404356 
RH 3 — present mild 18 71/38 (52) 76/90 
540343 

absent marked 21 120/68 (89)* 64/68 
GK 18 once absent moderate 22 113/83 (93)* 79/81 
534992 
VP 6 recurrent present moderate 22 82/50 (67) 80/82 
462985 
AR 4 recurrent absent mild 19 100/63 (75)* 86/86 
418947 
BW 5 NA NA NA 14 NA NA 
430983 


B-T= Blalock-Taussig shunt; Cath= Cardiac Catheterization; PA Press= Pulmonary Artery Pressure; Syst/Diast ( ) — Systolic/ 
Diastolic (mean); O2= Oxygen; AO= Aorta; NA = Not Available. 
* Aortic pressure equaled pulmonary artery pressure. 
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thoracic ratio, the right pulmonary artery 
(RPA) diameter, and the ratio between 
RPA diameter and transverse cardiac 
diameter remained elevated or progres- 
sively increased following surgery. 

It is concluded that progressive enlarge- 
ment of the central pulmonary arteries fol- 
lowing B-T surgery 1s a reliable sign of the 
development of pulmonary hypertension. 
If not recognized early, irreversible changes 
in pulmonary vascular resistance occur, 
and the patient is no longer a suitable 
candidate for total correction. 


Robert T. White, Jr., M.D. 
Department of Radiology 
The Johns Hopkins Hospital 
Baltimore, Maryland 21205 


The authors wish to acknowledge Dr. 
Helen Taussig for her valuable assistance in 
the preparation of this paper and also Mrs. 
Beverly Dixon and Mr. Henri Hessels for 
their technical assistance. 
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MYOCARDIAL CAI CIFICATION OF THE INFANT 
HEART FOLLOWING INFARCTION* 


DETECTED ON THE CHEST ROENTGENOGRAM: A CASE REPORT 


By ROLF-D. ARNDT, M.D., LORRAINE E. SMITH, M.D., JONATHAN PO, M.D., 
and VINCENT RICCHIUTI, M.D. 


LCS ANGELES, CALIFORNIA 


HERE are numerous reports or micro- 
scopic calcification of the infar t myo- 
cardium. Such calcific deposits hare been 
observed with endocardial fibroelastosis,*:!° 
myocarditis, intramural fibroma ?* isch- 
emia or infarction, ?:4 and metastatic de- 
posits in hypercalcemic states sich as 
chronic renal disease, vitamin D irtoxica- 
tion, infantile hypercalcemia and others.?.? 
Valvular calcification, again micrccopic, 
has been reported to occur in the infant 
with congenital cardiac lesions, particularly 
aortic and mitral stenosis. The occurrence 
of microscopic calcification of the coronary 
arteries in this age group 1s well known and 
has been associated among other eatities, 
with erythroblastosis fetalis, infantle hy- 
percalcemia, polyhydramnios and aiyper- 
vitaminosis D.‘ 

Roentgenologic detection of calciac de- 
posits in the infant heart centers on a few 
accounts of pericardial calcification f5llow- 
ing purulent pericarditis, calcification of 
the septal muscle mass in idiopathic F yper- 
trophic subaortic stenosis,? and the rave ob- 
servation in this age group of calcium with- 
in a cardiac tumor such as myxoma@ and 
teratoma.’ 

It is the purpose of this report to de: cribe 
myocardial calcification detected on plain 
chest roentgenograms in a § week old infant 
suffering myocardial ischemia from anom- 
alous origin of the left coronary artery. 
Roentgenographically visible calcification 
of this type during infancy has heretofore 
not been reported. Of further interest in 
this case is the clinical presentation which 
was atypical, consisting entirely of resoira- 
tory symptoms with few signs poirting 
directly to cardiac disease. 


REPORT OF A CASE 


D.D., a ; week old male infant, was the 
product of a 34 week gestation complicated by 
intermittent vaginal bleeding since the second 
month. Birth weight was 5 pounds, 1 ounce. The 
infant displayed irritability during and after 
feeding and also presented with intermittent 
tachypnea. These symptoms progressed and at 
€ weeks of age he suffered an episode of severe 
cyanosis and apnea. The patient was resusci- 
tated and improved, but continued to have 
respiratory signs of tachypnea and intercostal 
retraction. 

Physical examination revealed mild to mod- 
erate respiratory distress, respiratory rate 60 
per minute, pulse 145, and normal temperature. 
No heart murmur was present. A reducible 
right inguinal hernia was found. | 
and 


Hemogram urinalysis, electrolytes, 
sweat chlorides were normal. 
Chest roentgenography and tomography 


demonstrated slight left ventricular enlarge- 
ment with faint curvilinear calcifications over- 
lying the anterior portion of the left ventricle. 
These calcific deposits were presumed to be in 
the pericardium or possibly myocardium (Fig. 
I, 4 and B; and 2). Inverted T waves over the 
left precordium consistent with left ventricular 
ischemia was demonstrated on ECG. 

Angiocardiography including left ventricu- 
lography revealed a dilated and poorly con- 
tractile left ventricle. The aortic root injection 
showed a normal right coronary artery with 
retrograde filling of the left coronary artery 
which emptied into the pulmonary artery 
(Fig. 3, 4 and 5). 

Following cardiac catheterization the patient 
developed severe congestive heart failure and 
expired during emergency surgery to ligate the 
left coronary artery. 

Autopsy findings were: r. anomalous left 
coronary artery originating from the pulmonary 
artery; 2. fine, reticular subendocardial calcifi- 


* From the Department of Radiological Sciences, Univ rsity of California at Los Angeles, Los Angeles, California. 
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Fic. 1. (4 and B) Faint, curvilinear calcification (arrows) is evident over the anterior 
portion of the left ventricle which is slightly enlarged. 


cation of the entire anterior and lateral aspect 
of the left ventricle consistent with 1 to 3 month 
old myocardial infarction, with recent acute ex- 
tension into the anterior interventricular sep- 


tum (Fig. 4, Æ and B). 





Fic. 2. Close-up of lateral chest roentgenogram re- 
veals curvilinear and reticular calcifications to 
better advantage. 


DISCUSSION 


Anomalous origin of the left coronary 
artery is one cause of ischemic heart disease 
during infancy. In an extensive review of 
infantile ischemic heart disease, Bor* re- 
ported additional abnormalities of the coro- 
nary arteries including inflammatory dis- 
ease such as syphilis, polyarteritis nodosa, 
and interstitial myocarditi | calcific degen- 
erative processes similar to that seen in 
adults with thrombosis and aneurysm for- 
mation, and coronary artery embolism as- 
sociated with bacterial endocarditis. Calcifi- 
cation of the myocardium is not mentioned 
in this report. 

The incidence of anomalous origin of the 
left coronary artery is I out of 300,000 
births.? Most commonly the left coronary 
artery arises from the main pulmonary ar- 
tery rather than the aortic root. Other 
forms include origin of the right coronary 
and sometimes both coronary arteries from 
the pulmonary artery. When the left coro- 
nary artery originates from the pulmonary 
artery, a coronary arteriovenous fistula re- 
sults since a high pressure system (aorta 
and right coronary artery) communicates 





Fic. 3. (4 and B) Aortograms demonstrate right coronary artery with normal origin, retrograde filling of 
left coronary and faint opacification of pulmonary artery (arrows). 


with a relatively low pressure circu ation 
(left coronary artery and pulmonary ar- 
tery). The net effect is to shunt blood 
preferentially from the higher resistance 
left ventricular capillary network to runoff 





into the pulmonary artery by way of the 
left coronary artery. Varying degrees of 
myocardial ischemia result eventually lead- 
ing to infarction, dilatation, and subse- 
quent heart failure. 


Fic. 4. (4) Anteroposterior and (B) lateral roeatgenograms of postmortem heart, utilizing soft tissue tech- 
nique, demonstrate extensive, fine, reticular calcification of the entire anterior and lateral wall of the 
left ventricle. 
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The diagnosis should be considered when 


heart failure develops in the first year of 
life: chest roentgenograms reveal cardio- 
megaly particularly if left-sided, and the 
ECG demonstrates evidence of myocardial 
ischemia in the anterior portion of the left 
ventricle (inverted T waves in leads 1 and 
2). Aortography with injection of contrast 
material into the aortic root in the left an- 
terior oblique projection confirms the diag- 
nosis by showing rapid visualization of a 
large right coronary artery, retrograde 
opacification of the left coronary artery and 
subsequent opacification of the pulmonary 
artery. 

Prognosis in the majority of cases is poor 
with less than 10 per cent survival.! Surgi- 
cal treatment consists of ligation of the left 
coronary artery in order to obliterate the 
shunt and thus promote formation of col- 
lateral circulation and perfusion of the left 
ventricular capillary network." 


SUMMARY 


A case of myocardial calcification visible 
on the plain chest roentgenogram in a 5 
week old infant suffering myocardial in- 
farction secondary to anomalous origin of 
the left coronary artery is reported. 


Rolf-D. Arndt, M.D. 

Department of Radiology 

Center for the Health Sciences 
University of California at Los Angeles 
Los Angeles, California 90024 
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CONGENITAL LEFT VENTRICULAR DIVERTICULUM* 


By MILTON L. WAGNER, M.D., EDWARD B. SINGLETON, M.D., and 
ROBERT D. LEACHMAN, M.D. 


HOUSTON, TEXAS 


ONGENITAL left ventricular diver- 
ticulum is an unusual cardiac malfor- 

mation, the first case having been recorded 
in 1838.!819 Since that time, approx mately 
36 cases have been reported.!?:5:7-9.8-16,19.19 
Although surgical correction has bzen the 
treatment of choice, associated intracardiac 
as well as extracardiac abnormalitizs have 
contributed mainly to the over-all morbid- 
ity and mortality in many of these -ases. 

Potts et al." first described an inusual 
combination of upper anterior abdominal 
wall, ventral diaphragm and pericardial de- 
fects associated with a congenical left 
ventricular diverticulum, but it was not 
until 1958 when Cantrell and co-workers’ 
presented 5 patients with a complex of 
anomalies involving the abdominal wall, 
sternum, diaphragm, pericardium ard heart. 
The recurrence of this syndrome Fas been 
further described by a number ef other 
authors.?7-911—13,15—1? Awareness of this 
group of malformations is of mare than 
academic interest because of potent al cura- 
bility. 

Two such cases have been recertly seen 
at the Texas Children's Hospital and pro- 
vide the basis of this report. 


REPORT OF CASES 


Case 1. A.D.R. The patient is a 3 year old 
Latin American male, who was referred to the 
Department of Pediatric Cardiology fcr evalua- 
tion of a pulsatile epigastric mass. Gestational 
and birth histories were normal; however, an 
omphalocele was present at birth anc success- 
fully corrected at 1 day of life. Ar tae age of 
6 weeks, persistent vomiting necessi ated an- 
other surgical procedure for hypertrephic py- 
loric stenosis. On both occasions a pulsatile epi- 
gastric mass was visualized but not cisturbed. 

The patient later underwent cardzc cathe- 


terization for evaluation of this lesion and a left 
ventricular diverticulum was discovered. Due 
to family difficulties, the patient was unable to 
obtain any surgical evaluation until the present 
admission, over 2 years later. 

The remainder of the patient's history in- 
cluding growth and development was un- 
remarkable. 

Physical examination revealed a well de- 
veloped and alert, active, acyanotic child in no 
distress. Vital signs were normal, and pulses 
were equal in all extremities. The sternum was 
foreshortened and beneath 1t could be seen an 
elongated pulsating epigastric structure beating 
synchronously with the heart (Fig. 1). The 
point of maximum impulse was in the fifth left 
intercostal space and auscultation revealed a 
Grade 1/6 systolic ejection murmur along the 
left sternal border. The liver was barely palpa- 
ble beneath the right costal margin. An electro- 
cardiogram revealed terminal conduction delay 
pattern. Chest roentgenogram demonstrated a 
midline, globular-shaped heart which was 
borderline in size, but otherwise no other ab- 
normalities could be seen on the examination 
(Fig. 24). Lateral view of the chest demon- 
strated the shortened sternum previously sus- 
pected with beveling at the posteroinferior por- 
tion of the last segment (Fig. 2B). 

Cardiac catheterization and angiocardiogra- 
phy were performed with recording of normal 
pressures and oxygen saturations. Angiocardio- 
graphically, the right ventricle appeared rotated. 
from its normal position and comprised much 
ofthe right heart border in the frontal view. 
Left ventricular angiograms demonstrated the 
contractile, tube-shaped diverticulum (Fig. 3, 
A-D). The apex was in a more midline position 
than normal, while the left ventricle was in an 
anterior location. No other intra- or extra- 
cardiac abnormalities could be detected. 

The diverticulum was surgically amputated 
via an abdominal approach without the use of 
cardiopulmonary bypass. The diverticulum ex- 


* Presented at the Sixteenth Annual Meeting of the Society for Pediatric Radiology, Montreal, P.Q., Canada, September 23-24, 1973. 
From the Departments of Radiology and Cardplogy, Texas Children's Hospital, St. Luke's Episcopal Hospital and the Texas 


Heart Institute, Houston, Texas. 
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Fic. 1. Case 1. Three year old male child with con- 
genital left ventricular diverticuluni and associated 
anterior thoracic and upper abdominal defects. 
Note clinically foreshortened sternum, spreading 
of the lower rib cage (small arrows) and elongated, 
tube-like epigastric defect subsequently proven to 
be a left ventricular diverticulum (large arrow). 


tended through the anterior portion of the dia- 
phragm into the mid epigastric region. 

The specimen was a saccular-shaped, 2.4 X 3 
cm. muscular structure with varying thick- 
nesses of 0.3 to 0.6 cm. Following successful 
surgery, the patient’s immediate preoperative 
course was unremarkable; however, mild post 
pericardiotomy syndrome developed approxi- 
mately 5 days later, but was satisfactorily 











»»—3- 
Fic. 2. Case 1. (4) Frontal chest roentgenogram 
shows a midline, globular shaped heart. The car- 
diac apex is in an indeterminate position. Notice 
prominence of the right heart border. (B) Lateral 
view shows foreshortened sternum with beveling 
of the posteroinferior aspect of the last ossified and 
relatively elongated distal sternal segment. 
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treated. Several days later the patient became 
asymptomatic and was discharged. 


Case 11. C.K. The patient is a 3 month old 
Caucasian male, who was admitted for evalua- 
tion of congenital heart disease. Gestational and 
birth histories were unremarkable. The child 
was noted at birth to have an omphalocele and 
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Fic. 3. Case 1. Left ventricular angiocardiograms. (4) Early systole showing contraction of the diverticular 
neck just prior to contraction of the sac itself. (B) Early diastolic phase with distention of the diverticular 
neck prior to filling of the sac. (C) Latera view during systole demonstrates contraction of the diverticu- 
lum. Note the position of the left ventrice to be more anterior than usual. (D) Diastolic phase demon- 
strating distention of the diverticulum. 
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Fic. 4. Case 11. Three month old baby with congeni- 
tal left ventricular diverticulum and associated 
thoracic and abdominal defects. Note the epi- 
gastric mass (left ventricular diverticulum—small 
arrow) and omphalocele (large arrow). 


a pulsating epigastric lesion. Shortly after birth 
the baby became cyanotic and was placed in an 
isolette. Cardiac catheterization several weeks 
later suggested tricuspid atresia. For a few 
weeks preceding admission the baby had been 
relatively healthy without evidence of cyanotic 
spells, fair weight gain and no feeding diffi- 
culties. 

Physical examination disclosed normal vital 
signs. The skin was slightly mottled in appear- 
ance. The sternum was foreshortened and the 
lower anterior rib cage flared. In the epigas- 
trium was a pulsating epigastric mass, while 
‘below this was a readily reducible, moderate- 
sized omphalocele (Fig. 4). Skin satisfactorily 
covered the omphalocele, but was discolored. 
A Grade 4 out of 6 holosystolic murmur could 
be heard over the left anterior chest wall and 
regular sinus rhythm was noted. 

Laboratory data included: hemoglobin, 18.4 
gm. per cent; hematocrit, $4.9 per cent; urinal- 
ysis within normal limits. 

Chest roentgenograms showed a mild degree 
of cardiomegaly with central placement of the 
heart, possibly due to dextrocardia (Fig. 54). 
Lateral projection showed ossification only of 
the manubrium with a beveling effect of the 
posteroinferior portion of this structure (Fig. 
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5B). In addition, the abdominal wall defect 
with protrusion of bowel within could be seen 
(Fig. 6). 

Electrocardiogram showed low atrial pace- 
maker and biventricular hypertrophy. There 
was S-T segment elevation and premature ven- 
tricular contractions with compression of the 
diverticulum. 

Cardiac catheterization was performed and 
the following anatomic abnormalities were 
identified: (1) tricuspid atresia; (2) atrial septal 
defect; (3) moderate-sized ventricular septal 


^ * 
hM. 21 n 


Fic. 5. Caserr. (4) Frontal chest roentgenogram dem- 
onstrates slight cardiac enlargement with dextro- 
cardia. Note diminished vasculature supplying the 
left lung. (B) Lateral view shows ossification only 
of the manubrium of the sternum with tapering of 
its posteroinferior aspect. 
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defect; (4) absent left pulmonary artery; (5) 
midline position of the heart (mesocardia); and 
(6) a prominent diverticulum of the left ventri- 
cle arising at its apex (Fig. 7, //-D). 

Because of the child's young age and appar- 
ently stable symptomatology, it was elected to 
defer any surgical procedure and re-evaluate 
him at I year of age. 


DISCUSSION 


Congenital ventricular diverticula are of 
2 types—fibrous and muscular. The origin 
of the fibrous form is uncertain, but they 
differ from the muscular variety in 3everal 
ways. The location of the fibrous form is in 
the region of the mitral anulus, whereas 
the muscular variety occurs predominantly 
at the cardiac apex. In addition the fibrous 





Fic. 6. Case 11. Lateral view of the lower tho-acic and 
upper abdominal region demonstrates the om- 
phalocele (open arrow). Note small scft tissue 
density Just superior to the omphalocele represent- 
ing the diverticulum (closed arrow). 
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defects are not accompanied by congenital 
midline thoracic or abdominal abnormalities 
and occur more frequently in the Negro.97!? 


CLINICAL FEATURES 


The unusual group of anomalies which 
occurred in our 2 cases were brought into 
clear focus by Cantrell e al. in 1958.? These 
included: (1) a midline supraumbilical ab- 
dominal wall defect; (2) a defect of the 
lower sternum; (3) a deficiency of the 
anterior diaphragm; (4) a defect in the 
diaphragmatic pericardium; and (5) con- 
genital intracardiac defects. Crittenden et 
al., in 19595? expanded upon the syndrome 
by including the feature of malrotation of 
the heart with dextroposition. In a follow- 
up article by these same authors," a left 
ventricular diverticulum was found at the 
time of surgery in their 3 cases. This 
prompted them to state that the finding of 
a diverticulum “strongly suggests that it 1s 
a definite component of this syndrome 
rather than a coincidental anomaly as pre- 
viously suspected." 

Even though this syndrome presents 
variable features with respect to each de- 
fect, its recognition presents little difficulty 
once it is considered. 

Sternal abnormalities may vary from a 
bifid or unilateral xiphoid process to those 
which present as an apparent deficiency of 
one or more sternal segments. The anterior 
rib cage in this area is often flared. Possibly 
the most critical abnormality of this entity 
is a defect of the anterior diaphragm which 
is contributed embryologically by the sep-, 
tum transversum. Because of the close 
contact of the diaphragmatic pericardium 
to the septum transversum, a defect in this 
portion of the pericardium occurs in nearly 
all cases. This allows the cardiac diverticu- 
lum to protrude from the chest into the 
upper abdomen. On occasion, intraabdomi- 
nal contents such as bowel or omentum 
may protrude into the pericardial cavity 
via the defect." Rarely is the diverticulum 
completely enclosed within the pericardium. 
The abdominal defects consist of mild to 
moderate diastasis recti and small umbili- 
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Fic. 7. Case 11. (4) Frontal angiocardiogram with injection into left ventricle. The catheter course progresses 
from the inferior vena cava to right atrium to the left atrium via an atrial septal defect and then to the 
left ventricle. Following injection of contrast medium there is filling of the right ventricle via a large 
ventricular septal defect. Note the simultaneous opacification of the aorta and pulmonary artery. (B) 
Lateral view during early to mid left ventricular diastole. The diverticulum has not filled. (C) Complete 
left ventricular diastole showing full distention of the diverticulum. (D) Early to mid left ventricular 
systole. The neck appeared to contract before the diverticulum. Note normal relationship of the pulmonary 
artery to the aorta (AO-aorta; PA-pulmonary artery; RV-right ventricle; LV-left ventricle; LVD-left 
ventricular diverticulum). 
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cal hernias to rather large omphaloceles. 
The upper rectus abdominis muscles are 
spread and attach to the lower thoracic 
cage in a more lateral location than 1s nor- 
mal. Because of the sparse supporting tis- 
sues between the abnormal sternum and 
the umbilicus, one may readily appreciate 
the presence of visible cardiac pulsations. 
Intracardiac anomalies are variable and 
have been stressed by several authors? ?.!'.? 
By far the most common intracardiac le- 
sion is an interventricular septal defect. It 
was recorded in all of the patients with this 
syndrome as initially described by Cantrell 
et al. (21 cases)? A more recent publication, 
however, cites the incidence to be 78 per 
cent.? Aside from the left ventricular 
diverticula in the patients herein recorded, 
Case 1 had no other associated cardiac de- 
fects, while Case 11 had numerous intra- 
cardiac anomalies along with atresia of the 
left main pulmonary artery. The presence 
of a muscular left ventricular diverticulum 
without other associated cardiac malforma- 
tions (other than some degree of dextro- 
cardia) is a distinct rarity. The most com- 
mon complex cardiac malformation is te- 
tralogy of Fallot. Dextrocardia with vary- 
ing degrees of malposition of the apex is 
commonly present. The latter can be dem- 
onstrated satisfactorily only by angiocar- 
diography. 

Of all the congenital cardiac diverticula 
reported, the most common location 1s at 
the apex of the left ventricle. The reason is 
uncertain, but in part may be due to the 
thinness of this part of the myocardium, as 
shown by Skapinker. Abnormal embryo- 
logic development of the anterior dia- 
phragm, through which a diverticulum 
might protrude, may also contribute to the 
apical predominance. Right ventricular as 
well as biventricular diverticula have also 
been documented,**? but are not associated 
with thoracoabdominal defects.* 


* Since this manuscript was submitted, a case of muscular 
right ventricular diverticulum with associated thoracoabdominal 
defects has been published. (Miller, J. D., and Matthews, E. C. 
A.M.A. Am. J. Dis. Child., 1973, 126, 814-816. 
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EMBRYOLOGY 

A greater appreciation of the variable 
manifestations of this syndrome can be 
reached through some knowledge of the 
abnormal embryonic development. Several 
excellent articles have been written pre- 
viously on the defective embryology of this 
entity?! and only segments of it will be 
reviewed at this time. The basic etiology of 
the embrvologic lesions in these 2 cases as 
in the others with this syndrome remains 
anknown, but itis apparent that anomalous 
formation of a segment of the ventral meso- 
derm occurs. Perhaps the most important 
defect is abnormal development of the 
septum transversum which comprises the 
anterior one-third of the diaphragm. Once 
again, varying degrees of defectiveness of 
this structure, as with others embodying 
the syndrome, may occur. Imperfections of 
this structure are not related to defects of 
the foramen of Morgagni? The diaphrag- 
matic pericardium, which is derived from 
somatic mesoderm, lies in intimate relation- 
ship with the septum transversum. It seems 
unlikely that one of these structures would 
develop abnormally without a concomitant 
defect in the other. Consequently, the ma- 
jority of patients will have defects of the 
ventral diaphragm and basilar pericardium. 
Uncertainty also remains concerning the 
embryologic etiology of the diverticulum. 
Whether there is abnormal fusion of the 
epimyocardium of the primitive cardiac 
loop at the future left ventricular apex to 
the anterior portion of the defective sep- 
tum transversum, and subsequent descent 
of these structures during rotation of the 
heart, is not known.®" It is apparent, how- 
ever, that the vast majority of these pa- 
tients have some degree of dextrocardia as- 
sociated with the diverticulum. The ex- 
planation for the occurrence of the various 
other types of intracardiac malformations 
has not been clarified, but the commonly 
found interventricular septal defect may 
also be explained in part by incomplete 
cardiac rotation. 

The sternum is derived from paired 
mesenchymal structures which lie on either 
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side of the midline and fuse in a cephalo- 
caudad direction. All of the basic segments 
are present, but complete ventral growth is 
lacking. Consequently, some patients may 
present features suggesting absence of a 
portion of the sternum. The abdominal 
muscles are formed from the dorsal meso- 
derm of the somites? The defects which 
arise within these tissues may represent in- 
complete ventral migration of these struc- 
tures with failure to meet and fuse in the 
midline?? One can only speculate if the 
cardiac diverticulum prevents total migra- 
tion of the aforementioned structures. 


ROENTGENOLOGIC FEATURES 


The diagnosis may be suspected by in- 
spection of the patient, but there are sev- 
eral roentgenographic features which might 
enhance the clinical suspicion. The frontal 
chest roentgenogram shows the heart to be 
globular in shape. Its location may be mid- 
line, but some degree of dextrocardia is 
often apparent (Fig. 24; and 54). The size 
of the heart and appearance of the pul- 
monary vascularity depend upon associated 
cardiac defects. Lateral view of the chest 
will generally demonstrate a foreshortened 
sternum, while closer inspection of the 
lower portion of the sternum shows it to be 
beveled at its posteroinferior aspect. Per- 
haps constant cardiac pulsations in addi- 
tion to poor soft tissue support at the 
sternal defect allow for this tapered appear- 
ance (Fig. 25; and £B). Below the sternum 
one appreciates a soft tissue bulge when the 
diverticulum 1s in diastole. Caudallv, gas 
within an umbilical hernia or omphalocele 
may be visualized (Fig. 6). Ectopia cordis 
can be readily excluded roentgenographi- 
cally by observation of the cardiac struc- 
ture within the confines of the chest. The 
left ventricular diverticulum as well as any 
associated intra- or extracardiac defects can 
only be diagnosed with certainty preopera- 
tively by angiocardiography. Its shape is 
commonly tube-like (Fig. 3, 4-D; and 7, 
A-D). The axis of the heart following filling 
of the left ventricle is in a more cephalo- 
caudad direction than is normal (due to in- 
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complete cardiac levorotation), and most 
of the right heart border on the frontal 
angiogram comprises the right ventricle. 
Percutaneous injection of the diverticulum 
has been performed in the past, but the 
necessity for cardiac catheterization and 
better visualization of intracardiac defects 
is obvious and would preclude the need for 
direct puncture. In addition, the diverticu- 
lar wall may be thin, and the possibility of 
leakage or other hazardous complications 
at the puncture site is possible. 


PROGNOSIS AND TREATMENT 


Patients with congenital cardiac diver- 
ticula may expire in several ways. Not 
only are they susceptible to trauma to this 
exposed segment of the heart, but several 
cases of spontaneous rupture of a diverticu- 
lum have been reported.? Lowe ef a/.? 
postulate the mechanism of spontaneous 
rupture to be caused by a slight delay in 
diverticular contraction with respect to 
systole of the ventricle itself. This results in 
elevated pressure within the diverticulum 
as It prepares to contract against its nar- 
rowing neck, while the left ventricle itself 
Is already in systole. Serial roentgenograms 
in our cases show this to be possible even 
though direct diverticular pressure mea- 
surements were not obtained. More com- 
monly, however, fatalities are due to 
congestive heart failure and associated con- 
genital heart lesions. Fatal cerebral em- 
bolization from a left ventricular diverticu- 
lum has been reported.! This patient, how- 
ever, did not have associated anterior mid- 
line defects. Significant anomalies aside 
from those within the realm of this syn- 
drome are apparently rare.? 

Because of the potentially lethal com- 
plications of the diverticulum and asso- 
ciated anomalies, early surgical correction, 
when possible, would appear to be the 
treatment of choice. 


SUMMARY 


Two cases of congenital left ventricular 
diverticulum are reported. 
They are associated with several unusual 
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anomalies including: (1) midline, supraum- 
bilical abdominal wall defect; (2) a defect 
of the lower sternum; (3) a deficiency of the 
anterior diaphragm; (4) a defect of the 
diaphragmatic pericardium; and (5) con- 
genital intracardiac defects. Malposition 
of the heart due to incomplete rotation 
(dextrocardia) is a constant feature as well. 

Because the lesion is potentially curable 
and often fatal, surgical correction when 
feasible should be instituted. 

The roentgenologic features are discussed 
and some of the underlying embryologic 
abnormalities are considered. 


Milton L. Wagner, M.D. 
Department of Radiology 
Texas Children’s Hospital 
6621 Fannin 

Houston, Texas 77025 
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HE cutaneous, osseous and central 

nervous system manifestations of neu- 
rofibromatosis have been widelv recognized 
for many years.*519115 Less attention has 
been given to the cardiovascular abnor- 
malities which may also occur. The most 
frequently described abnormality is renal 
artery stenosis and secondary hypertension, 
especially in children. *?' Hypertension 
secondary to pheochromocvtoma has been 
described in adults.’ Cardiac anomalies in 
neurofibromatosis, however, have only re- 
cently been described.'” 

A review of all cases of neurofibromatosis 
seen at the University of Michigan Medical 
Center during the past 20 years (1951- 
1971) disclosed 78 children with this condi- 
tion, of whom 6 also had congenital heart 
disease. The purpose of this report is to 
describe these 6 cases and to emphasize the 
increased incidence of congenital heart dis- 
ease in patients with neurofibromatosis. 


REPORT OF CASES 
Case 1. (HG) This 9 month old male with 


café au lait spots and a family history of neuro- 
fibromatosis was noted to have a Grade 3/6 
systolic murmur at the left sternal border and 
mild cyanosis. A cardiac catheterization re- 
vealed a high ventricular septal defect. At the 
age of 5 years he underwent repair of the defect. 
However, 3 years later he was re-operated on 
for closure of a residual defect. 


Case rr. (RLR) This 21 month old male with 
café au lait spots, xanthoma of the scalp, mental 
retardation and velopharyngeal insufficiency 
was noted to have a Grade 4/6 systolic murmur 
radiating to the left axilla. Cardiac catheteriza- 
tion revealed pulmonic valve stenosis (26 mm. 
Hg systolic gradient) and peripheral pulmonic 
stenosis at the origin of the right and left pul- 
monary arteries (1o mm. Hg gradients). 


Case 111. (PJR) This 44 year old asymptomat- 
ic girl with multiple café au lait spots on the 
abdomen and chest was the sister of Case rr. 
Blood pressure in the right arm was 160/90 and 
right leg 90/84 mm. Hg. The femoral pulses 
were delayed and weaker than the radial pulse. 
A Grade 2/6 harsh systolic ejection murmur 
was best heard at the right sternal border in 
the second interspace. Chest roentgenogram 
demonstrated rib notching. Cardiac catheteri- 
zation revealed a high grade coarctation of the 
aorta just distal to the origin of the left sub- 
clavian artery with prominent collaterals (Fig. 
1, 4 and B). She also has mental retardation 
and a Turner phenotype. 


Case 1v. (LER) This patient is the mother 
of Case r1 and Case 11 (Fig. 2). She was 12 
years old when first seen with a history of easy 
fatigability, multiple café au lait spots, mental 
retardation, velopharyngeal insufficiency, a 
Turner phenotype and a harsh systolic murmur 
best heard in the pulmonic area. Cardiac 
catheterization in 1953 demonstrated pulmonic 
valvular stenosis. A transventricular pulmonary 
valvulotomy was carried out. Six years later she 
had recurrent symptoms and subsequently had 
a pulmonary valvulotomy using cardiopul- 
monary bypass. 


Case v. (RC) This 6 year old boy with mul- 
tiple café au lait spots over the trunk and ex- 
tremities and probably a left forehead subcu- 
taneous neurofibroma was evaluated because of 
progressive easy fatigability and a Grade 3/6 
systolic murmur heard over the entire pre- 
cordium. Cardiac catheterization revaled an 
atrial septal defect which was subsequently 
repaired. 


Case vi. (BC) This patient with multiple 
café au lait spots over the abdomen and ex- 
tremities and multiple cutaneous neurofibro- 
mata was first seen at the age of 5 years, when 
she was noted to have sinus bradycardia with 


* From the Department of Radiology and Department of Pediatrics and Communicable Diseases, t University of Michigan Medical 
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second degree A-V block. At the age of 17 
years she was found to have complet? heart 
block. Cardiac catheterization demonstrated no 
abnormality except generalized cardiac enlarge- 
ment. 


DISCUSSION 


Neurofibromatosis is an uncommon but 
certainly not rare disease, probably due to 
a mesodermal and ectodermal dysplasia 





Fic. 1. Case ur. (4) Chest roentgenogram demon- 
strates prominent rib notching shown by =inecar- 
diography to be due to collateral circulation rather 
than to neurofibromas of intercostal nerves. (B) 
Cinecardiogram demonstrates coarctatior of the 
aorta (arrow) with markedly enlarged internal 
mammary arteries. 
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Fic. 2. Photograph of Cases 11, 11, and 1v. Multiple 
neurofibromata are visible on LLR (Case Iv). 


that can affect any system of the body. The 
protean manifestations have generally been 
well documented.*5191!5. Cardiovascular 
system manifestations are less frequently 
observed, however, and it was only in 1965 
that the relationship of renal artery stenosis 
and hvpertension in children with neuro- 
fibromatosis was described.? The associa- 
tion of pheochromocytoma with neuro- 
fibromatosis or other of the neurocutaneous 
syndromes is well known, with some esti- 
mates of a Io to 20 per cent incidence.? 
Carol et al. and Glenn eż al.’ have each 
described a case of coarctation of the aorta 
and neurofibromatosis. 

Kaufman ef a/.? recently presented evi- 
dence that congenital heart disease, espe-, 
cially pulmonic valvular stenosis, may be 
part of the vascular manifestations of neu- 
rofibromatosis. They found $ cases of pul- 
monic valvular stenosis among 19 families 
affected with this condition. An additional 
member of one family had supravalvular 
aortic stenosis. Crowe ef al.,' however, 
found in 223 cases only 1 patient with pos- 
sible congenital heart disease; presumably 
an atrial septal defect. 

We have reviewed all the cases of neuro- 
fibromatosis seen at the University of 
Michigan Medical Center in the years 
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| SUMMARY OF CASES 
| 
Name Se mgeat time of Congenital Heart Disease Associated Abnormalities 
Evaluation | 
HG M 9 mo. ! Ventricular septal defect — 
REAR M aimo ! Pulmonic valvular stenosis Mental retardation 
| i l Velopharyngeal insufficiency 
PJR F 4 yr. 6 mo. | Coarctation of upper thoracic aorta Mental retardation 
! Bicuspid aortic valve Turner phenotype 
- I 
LLR F 12 yr. 4 mo. | Pulmonic valvular stenosis Mental retardation 
| Turner phenotype 
RC M 6 yr. 2 mo. | Atrial septal defect — 
| | 
. BC FS yr. | Complete heart block — 





| 
1951—1971 and found 78 children with this 
diagnosis. In this group there were 6 cases 
with congenital heart disease. Three were 
males and 3 females, ranging in age from 
9 months to 12 years. Generally, the patient 
presented because of the!cardiac sympto- 
matology (Table 1). | 
The incidence of congenital heart disease 
has been found to be froni 0.32 to 0.64 per 
cent of live births.?!3 Our series, therefore, 
indicates a definite increased incidence of 
congenital heart disease and neurofibroma- 
tosis (7.7 per cent). The!exact incidence, 
however, 1s uncertain since 3 of our cases 
are from the same family and since the 
diagnosis of neurofibromatosis is often not 
made until the second or third decade. 
Particularly, there is an increased incidence 
“of pulmonic valvular stenosis and neuro- 
fibromatosis in view of ;the $ cases of 
Kaufman et a/.? and 2 of our 6 cases. Addi- 
tionally, Rosenquist ef alë described a 
child with neurofibromatosis who developed 
stenosis of the pulmonary outflow tract, 
but who had a normal appearing pulmonic 
valve. It is of particular interest that the 
. association of pigmentary cutaneous dis- 
orders and pulmonic valvular stenosis has 
also been reported to occur in the multiple 
lentigines syndrome and the Watson syn- 
drome.” 





I 
| 
i 
i 
| 
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A previous report in 1940 described the 
association of coarctation of the upper 
thoracic aorta and neurofibromatosis in a 
7 year old boy.’ Glenn et al! described a 
case of coarctation of the lower thoracic 
aorta in a patient with neurofibromatosis. 
Therefore, our case is only the third demon- 
stration of this association. These cases are 
particularly interesting from a roentgeno- 
graphic standpoint in that both coarctation 
and neurofibromatosis can produce rib 
notching.!? In our case, however, collateral 
vessels secondary to the coarctation are the 
proven cause for the notching. Congenital 
heart block has not been previously re- 
ported in neurofibromatosis. 

The increased incidence of congenital 
anomalies of the heart in patients with neu- 
rofibromatosis may be based on the fact 
that the heart embryologically has a meso- 
dermal origin and therefore is likely to be 
involved in this dysplasia. 


SUMMARY 


A review of 7€ cases of neurofibromatosis 
in children disclosed 6 with congenital heart 
disease. This included 2 cases of pulmonic 
valvular stenosis and 1 case each of coarcta- 
tion of the thoracic aorta, atrial septal de- 
fect, ventricular septal defect and con- 
genital heart block. 
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This material, therefore, further enpha- 


sizes the increased incidence of congenital 
heart disease in patients with neurdfibro- 
matosis. 


John F. Holt, M.D. 

C. S. Mott Children’s Hospital 
University of Michigan Medical Center 
Ann Arbor, Michigan 48104 
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BENIGN PNEUMATOSIS INTESTINALIS IN 
CHILDHOOD LEUKEMIA* 


By THEODORE E. KEATS, M.D., and THOMAS H. SMITH, M.D. 


CHARLOTTESVILLE, VIRGINIA 


NEUMATOSIS intestinalis is a well 

recognized manifestation of necrotizing 
enterocolitis in children. One of the serious 
complications of childhood leukemia is 
necrotizing enteritis of the terminal ileum 
and right side of the colon.! The roentgen 
demonstration of pneumatosis intestinalis 
in a leukemic child might then lead to an 
immediate and erroneous diagnosis of nec- 
rotizing enterocolitis if the radiologist is 
not aware of a benign form of pneumatosis 
intestinalis which may be seen in children 
with leukemia. This entity was described 
in the European literature in 1973.2 

It is the purpose of this report to docu- 
ment this entity in the American litera- 
ture, to emphasize the importance of its 
occurrence, and to correlate this event 
with body gas leakage in other locations. 


REPORT OF A CASE 


The patient is a 14 year old white girl, who 
was well until February of 1973, when she was 
found to have acute myelogenous leukemia. She 
was treated with cytosine arabinoside and pred- 
nisone with poor response. Adriomycin was be- 
gun with clinical improvement. Blood transfu- 
sions were required. In late March, an acute 
febrile episode led to a cavitating abscess in the 
right middle lobe and positive blood cultures 
tor Klebsiella. This slowly resolved after mas- 
sive, intravenous antibiotic therapy. On April 
8, 1973 a chest roentgenogram showed the 
presence of gas in the wall of her colon (Fig. 1, 
A and B). Scout roentgenogram of the abdomen 
showed the gas to be colonic in origin and 
largely subserosal in location (Fig. 2, 4 and B). 
She had no gastrointestinal symptoms at this 
time. Her blood cultures subsequently became 
negative. She was followed clinically and roent- 
genographically with considerable resolution of 
the intramural air after 2 weeks (Fig. 3). She 
was discharged in remission and without gastro- 
intestinal symptoms. 


DISCUSSION 


Childhood cases of benign pneumatosis 
intestinalis appear as an incidental asymp- 
tomatic finding during steroid therapy. In 
the series of 15 cases reported by Borns and 
Johnston, 3 consisted of gastric emphy- 
sema with pyloric stenosis. None of the 
others had structural bowel disease, and 
all who did not have immune deficiency 
were presumably receiving steroid therapy. 
None had pneumomediastinum or chronic 
lung disease. The 10 steroid patients in- 
cluded 7 leukemic children also receiving 
other chemotherapy, all of whom showed 
right colon pneumatosis in which the colon 
remained mobile and without evidence of 
inflammatory disease. The pneumatosis, 
which was submucosal as well as subserosal, 
persisted for several months, then resolved 
spontaneously. In the other patients, ste- 
roids were given for such conditions as acute 
rheumatic fever and  myocardiopathy. 
Since children normally tend to have more 
lymphoid tissue in the right colon than 
adults, Borns and Johnston! hypothesized 
that the patients with pneumatosis have 
severe lymphoid depletion and that the 
denuded Peyers patches act as defects of 
the mucosa permitting air to dissect into 
noninflamed bowel wall. 

A similar course of events is suggested 
in a recent report by McSweeny and 
Stempel? on the subject of spontaneous 
pneumomediastinum and pneumopericar- 
dium in children. These authors indicated 
that in 2 children, spontaneous gas leak- 
age occurred in the presence of lympho- 
blastic leukemia, while both patients were 
presumably receiving steroid therapy. 

It would appear that the common de- 
nominator in all these events, including 
that of our patient, is steroid therapy, 


* From the Department of Radiology, University of Virginia School of Medicine, Charlottesville, Virginia. 
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Fic. 1. (4) Frontal and (B) lateral projectons of the chest show pneumatosis intestinalis. There is a small 
area of pneumonitis in the rig! t middle lobe. No pneumomediastinum 1s present. 





Fis. 2. (4) Supine roentgenogram of the abdomen showing extensive pneumatosis intestinalis which is 
largely subserosal. (B) Upright roentgenogram of the abdomen indicating that the pneumatosis is confined 
to the ascending and transverse colons. 
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children as a complication of therapy is of 
some clinical importance, particularly in 
that benign pneumatosis intestinalis not 
be mistaken for a manifestation of necro- 
tizing enterocolitis. 


SUMMARY 


A case of benign pneumatosis in a child 
with myelogenous leukemia is reported. 

The occurrence of gas leakage in the 
chest and abdomen appear to be related to 
steroid therapy, rather than to the leu- 
kemic process. 


Theodore E. Keats, M.D. 

Department of Radiology 

University of Virginia School of Medicine 
Charlottesville, Virginia 22901 
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THE VALUE OF THI LATERAL ABDOMINAL 
ROENTGENOGRAM IN THE DIAGNOSIS 
OF NEONATAL HEPATIC PORTAL 
VENOUS GAS (HPVG)* 


By DONALD R. KIRKS, M.D., MAJOR, MC, and STUART A. O'BYRNE, M.D., MAJOR, MC 


FORT SAM HOUSTON, TEXAS 


OENTGENOLOGIC 
gas within the hepatic portal venous 
svstem of a neonate is extremely important. 
The use of the lateral abdominal roent- 
genogram in detecting this abnormal ty has 
been illustrated and briefly discussed? ^? 
Three recent cases suggest that the value 
of the lateral abdominal roentgenogram for 
the diagnosis of neonatal hepatic portal 
venous gas (HPVG) should be stres: ed. 


REPORT OF CASES 


Case 1. F.D., a 1,786 gram female, w.s born 
after a 37 week gestation to a 20 year old 
female. The initial physical examinat.on re- 
vealed low-set ears, micro-ophthalmia, micro- 
gnathia, systolic heart murmur, and hyper- 
telorism. At 13 days of age, the infaat was 
transferred to Brooke Army Medical Venter 
because of poor feeding and lack of weight gain. 
Five days after admission, there was -urther 
difficulty with feeding and a large zastric 
residual was noted. The infant began to pass 
gualac-positive stools, and bile-stained zastric 
secretions were observed on the following day. 
Anteroposterior supine abdominal roentgeno- 
gram demonstrated bowel distention, probable 
air within bowel wall, and possible HPVG 
(Fig. 1.7). A lateral abdominal roentgenogram 
confirmed the presence of pneumatosis 1atesti- 
nalis and HPVG (Fig. 1 2). Despite nasogastric 
suction, transfusion, and antibiotics, the :nfant 
died at 20 days of age. Autopsy examiaation 
revealed necrosis of the entire ileum w thout 
evidence of perforation. Culture of peri-oneal 
fluid grew Escherichia coli. Chromcsomal 
analysis was normal. 


CasE 1. J.A., a 2,052 gram male, wes the 
product of a spontaneous delivery by a 27 year 
old female. At 1 hour of age, a transient episode 


recognition of 


of tachypnea associated with retraction and 
cyanosis was noted. À chest roentgenogram at 
this time was normal. Abdominal distention, 
bile emesis, jaundice, and bloody stools were 
observed at 2 days of age. Anteroposterior and 
lateral abdominal roentgenograms demon- 
strated bowel distention, pneumatosis intesti- 
nalis, and HPVG (Fig. 2, 4 and B). The HPVG 
was appreciated only on the lateral roentgeno- 
gram. Because of progressive clinical deteriora- 
tion, surgery was performed at 54 hours of age. 
Extensive necrosis of the cecum and appendix 
was identified. Segmental resection of the 
involved colon and a diverting ileostomy were 
performed. The infant became acidotic, suf- 
fered a cardiac arrest, and died on the morning 
after surgery. Pathologic examination of the 
resected colon showed interstitial gas, edema, 
inflammatory response, and mucosal sloughing. 
Cultures of blood, stool, and colonic mucosa all 
grew Pseudomonas aeruginosa. 


Case ut. B.T., a premature 1,068 gram male, 
was born spontaneously after a 30 week gesta- 
tion to a 28 year old female. Roentgenograms of 
the chest obtained at 3 hours of age demon- 
strated classic changes of the respiratory dis- 
tress syndrome. An anteroposterior abdominal 
roentgenogram showed a rounded lucency just 
medial to the stomach (Fig. 3/7). The lateral 
roentgenogram confirmed the presence of* 
HPVG (Fig. 38). Despite supportive therapy, 
the infant died at 7o hours of age. Autopsy 
demonstrated prematurity, severe respiratory 
distress syndrome, and no evidence of necrotiz- 
ing enterocolitis. 


DISCUSSION 


Roentgenologic identification of hepatic 
portal venous gas (HPVG) was initially de- 
scribed by Wolfe and Evans in 1955.” 
Linear lucencies overlying the liver may be 


* From the Department of Radiology, Brooke Army N edical Center, Fort Sam Houston, Texas. 
+ Present Address: Department of Radiology, Children's Hospital Medical Center, Oakland, California 94609. 
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Fic. 1. Case 1. (4) Anteroposterior supine roentgeno- 
gram of the abdomen demonstrates bowel disten- 
* tion, mottled density in the right midabdomen 
(large arrow), and questionable linear lucencies in 
the left upper quadrant (small arrow). (B) Right 
lateral abdominal roentgenogram confirms the 
presence of extensive pneumatosis intestinalis 
(large arrow) as well as hepatic portal venous gas 


(HPVG) (small arrow). 





due either to HPVG or air within the bil- 
lary tract. Biliary gas is usually located in 
large ducts in the region of the porta 
hepatis because of the centripetal flow of 
bile.'* Conversely, the centrifugal flow of 
portal venous blood carries HPVG into 
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finer peripheral radicles usually within 2 
centimeters of the liver capsule.!!5 The ap- 
plication of these classic distinguishing fea- 
tures may be extremely difficult in the 
infant.’ 

Susman and Senturia!? noted that injec- 
tion of air into a mesenteric vein permitted 
the initial recognition of HPVG in the rela- 
tively large left hepatic lobe of the dog. The 
human neonatal liver is a transverse struc- 
ture with a prominent left lobe, and calci- 
fied portal vein thromboemboli occur most 
frequently in this left lobe. This distribu- 
tion of thromboemboli suggests the impor- 
tance of portal vein blood flow in the rela- 
tively large neonatal left hepatic lobe. 
HPVG is not limited to the right upper 
quadrant in the infant. However, HPVG 
limited to the left lobe of the liver may be 
extremely difficult to identify on an antero- 
posterior roentgenogram of the abdomen 
because of superimposed gas in the stom- 
ach. Two of our 3 cases demonstrated pos- 
sible lucencies in the left upper quadrant 
which were confirmed as HPVG on the 
lateral roentgenogram. The third case 
showed evidence of HPVG only on the 
lateral view. 

The lateral abdominal roentgenogram 
may be obtained with either a vertical or 
horizontal beam. HPVG is demonstrated 
by both methods. Associated free intra- 
peritoneal air in cases of necrotizing entero- 
colitis would be readily demonstrated by a 
cross-table lateral study (horizontal beam) 
and is suggested if an erect anteroposterior 
abdominal roentgenogram is not obtained. 
The vertical beam lateral roentgenogram 
seems better for demonstrating the extent 
of associated pneumatosis intestinalis. 

Bell and co-workers! noted that the lat- 
eral view of the abdomen was the most 
sensitive detector of HPVG in cases of neo- 
natal necrotizing enterocolitis. They recom- 
mend anteroposterior supine, anteroposte- 
rior erect, and either a left recumbent or 
cross-table lateral examination of the ab- 
domen if this entity is suspected. Once the 
diagnosis of necrotizing enterocolitis has 
been confirmed, serial roentgenograms at 
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roentgenogram reveals bowel distention and a mot- 
tled pattern in the left upper quadrant suggestive of 
submucosal pneumatosis intestinalis (Erge arrow). 
HPVG is not identified. (B) Right lateral roentgeno- 
gram confirms extensive pneumatosis ir testinalis in- 
volving the small bowel and rectum (large arrows). 
The characteristic stellate appearance of HPVG is 
identified (small arrow). 








Fic. 3. Case 11. (4) Anteroposterior ab minal roentgenogram shows an umbilical venous catheter with its 
tip overlying the hepatic shadow. A rounded lucency (arrow) is noted just medial to the gastric air bubble. 
(B) Right lateral roentgenogram of the abdomen confirms that the tip of the umbilical venous catheter is 
in the region of the ductus venosus. “he stellate lucency due to HPVG is seen anterior to the stomach 


(arrow). 
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Fic. 4. Postmortem injection in the region of the ductus venosus of 1 cc. of meglumine diatrizoate through an 


umbilical venous catheter. (4) Anteroposterior abdominal roentgenogram demonstrates contrast medium 


within hepatic portal venous system (small arrow 


s), hepatic vein (large open arrow), inferior vena cava 


(large arrow), and right atrium (small open arrow). Note the branching pat-ern of the portal venous system 
as well as the transverse position of the liver and prominent left hepat:c lobe. (B) Cross-table lateral 
roentgenogram demonstrates the "'stellate" appearance of contrast medium within hepatic portal veins 
(small arrows). Contrast material is again noted in the inferior vena cava (large arrow). 


least every 12 hours should be obtained and 
correlated with continuous clinical evalua- 
tion." Anteroposterior supine and cross- 
table lateral roentgenograms of the abdo. 
men are suggested for these follow-up 
examinations. 

The roentgenologic appearance of HPVG 
on the lateral abdominal roentgenogram 
has a fairly characteristic appearance (Fig. 
1-3). A “stellate” lucency is noted in the 
liver. Postmortem injection of contrast 
material into the neonatal portal venous 
system demonstrates this same appearance 
(Fig. 4, 4 and B). The stellate appearance 
is believed to be due to contrast material 
seen end-on in large hepatic portal vein 
‘branches with the surrounding and radi- 
ating linear densities due to smaller periph- 
eral branches. 

Gas within the biliary tract of neonates 
is extremely rare. A similar stellate ap- 
pearance could theoretically be present on 
the lateral abdominal roentgenogram in 
patients with this entity. However, caudal 
flow of bile toward the duodenum should 
cause biliary tract gas to localize near the 
porta hepatis inferiorly. Experimental in- 
Jections of the neonatal biliary tract and 
portal venous system should permit further 


anatomic clarification. 

There are numerous causes of HPVG'$7. 
tespssduwsr Prisc T Necrotizing entero- 
colitis and umbilical venous catheter mal- 
position are the primary differential diag- 
nostic considerations in the neonate. Many 
of the other listed causes of HPVG have 


TABLE I 


CAUSES OF HEPATIC PORTAL VENOUS Gas (HPVG) 








Common 
Ischemic bowel disezse—adult 
Neonatal necrotizing enterocolitis 
Umbilical venous catheter malposition 
Rare 
Adynamic ileus 
Barium enema examiaation in patient with Hirsch- 
sprung's disease or ulcerative colitis 
Corrosive ingestion 
Diarrhea and pneumatosis intestinalis 
Carbohydrate intolerance 
Gastroenteritis 
Gastric distention 
Gastric ulcer eroding mesenteric vein 
Hydrogen peroxide enema examination 
Jugular vein catheterization 
Mechanical bowel obstruction 
necrosis 
Sepsis 
Umbilical vein portography 


with intestinal 
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been described in adults and are simply 
theoretic considerations in the newborn 
infant. 

HPVG is identified in 30 per cent of neo- 
nates with necrotizing enterocol*tis.! Since 
the original description by Berdon and co- 
workers, the clinical recognition and patho- 
logic incidence of this entity have in- 
creased.^ 813.14.20.21 Current indications for 
surgery are: Increasing signs of sepsis; 
clinical evidence of peritonitis; and pneu- 
moperitoneum." Leonidas e& al? have 
stressed that roentgenograph' evidence of 
free intraperitoneal fluid in infants with 
necrotizing enterocolitis incicates perito- 
nitis with possible perforaton. They feel 
that these patients should have surgery as 
soon as possible. The presence of portal 
vein gas in neonatal necrotizing entero- 
colitis can also be correlated with poor 
prognosis. !?20.21.3 Although the presence 
of HPVG has not been used as an indica- 
tion for surgery, its presence should war- 
rant even closer clinical end roentgenologic 
evaluation. Further dehneation of strict 
clinical and roentgenographic criteria for 
early surgical intervention in neonatal 
necrotizing enterocolitis is imperative. 


SUMMARY 


The roentgenologic appearance of neo- 
natal hepatic portal venous gas (HPVG) 
on the lateral abdom.nal roentgenogram is 
described. The value of this view for the 
recognition of HPVG is discussed. A differ- 
ential diagnosis of HPVG is presented. 


Department of Radiology 
Brooke Army Medical Center 
Fort Sam Houston, Texas 78234 


The authors wish to express their grati- 
tude to Dr. J. P. Eberts of Temple, Texas, 
for Case 11 and co Dr. R. H. Smalley of 
Lubbock, Texas, for Case 11. 
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A NEW AND UNUSUAL ROENTGENOGRAPHIC FIND- 
ING OF FATTY LIVER IN INFANTS* 


By LEONARD E. SWISCHUK, M.D. 


GaLVESTON, TEXAS 


WO patients with the somewha- un- 

usual and surprising plain film roent- 
genographic finding of “radiolucent liver," 
secondary to extensive fatty replacement, 
have recently come to our attention. The 
fact that "fatty liver" was determined 
roentgenographically, before any substan- 
tial clinical work-up or histologic examina- 
tion of the liver was available, pror pted 
us to report this interesting and uncom- 
mon roentgenographic manifestation cf ad- 
vanced fatty degeneration of the liver. 


REPORT OF CASES 


Case 1. L.G. This 3 month old Latin Ameri- 
can girl was admitted to the John Sealy F-ospi- 
tal for evaluation of hepatomegaly. She was 
delivered as a normal 8 pound, 2 ounce baby 
of a normal 32 year old woman. The onl- sig- 
nificant gestational history centered aroun the 
fact that the mother had inhalation anestaesia 
(at 3 months’ gestation) for attempted corneal 
transplant. Otherwise, the pregnancy wa. un- 
complicated and the immediate postnata his- 
tory unremarkable. 

The baby, after discharge from hospital. was 
fed similac at home, 2 to 4 ounces, 6 times daily 
to a total of 21 ounces per day. During the 
third month rice and oat cereal were introduced 
into the diet (twice a day), but the infant was 
never fed vegetables, meat, or eggs. Two weeks 
prior to the admission to our hospital, this 
infant was hospitalized in an outlying hosoital 
for vomiting and watery stools. At that time 
she was lethargic, seemed to "sleep too much,” 
and was eventually diagnosed as having a viral 
infection. However, recovery was incomplete, 
the infant remained lethargic, and her abdamen 
remained distended. The family history was 
unremarkable, and specifically there wa. no 
history of liver disease. Five other siblings were 
in good health. 

Physical examination on this admission 
showed the baby to be in no acute distress, but 
she was observed to be hypotonic and possibly 


retarded in terms of motor development. Apart 
from this, neurologic examination was normal. 
Abdominal examination showed the liver to be 
enlarged and to extend 9 cm. below the right 
costal margin. It was hard and smooth. The 
spleen was also palpable, just under the left 
costal margin, but was not grossly enlarged. 

Laboratory investigation showed a blood 
urea nitrogen of 35 mg. per cent, calcium 8.5 
mEq./l, phosphorus 2.8 mEq./l., SGPT 185 
mU /ml., SGOT 140 mU/ml., LDH 485 mU/ml., 
and alkaline phosphatase 285 mU/ml. All of 
these latter 4 determinations were abnormally 
elevated. Hemoglobin and white blood cell 
count differential were normal, and a VDRL 
was nonreactive. Prothrombin time was 100 
per cent of normal, while the cerebrospinal 
fluid protein was 170 mg. per cent. Serum 
cholesterol was 243 mg. per cent, while tri- 
glycerides were in excess of 600 mg. per cent. 
No lipoprotein was present on multiple serum 
protein electrophoreses, but pre-beta lipopro- 
tein appeared elevated. Total protein was 5.8 
gm. per cent, while serum albumin was 3.4 gm. 
per cent. Total bilirubin was 1.0 mg. per cent. 

Chest and abdominal roentgenograms, ob- 
tained before any of the laboratory values were 
available, and before any definite clinical formu- 
lation was made, showed an unusually radio- 
lucent, enlarged liver (Fig. 1, 4-C). This find- 
ing suggested the presence of excess fat in the 
liver and the diagnosis of fatty liver was pro- 
posed. No calcifications were seen and apart 
from this finding, no abnormality was demon- 
strated in the abdomen or chest. Subsequent 
to this observation a liver biopsy was obtained 
and this demonstrated severe fatty metamor- 
phosis of the liver (Fig. 2). À bone marrow 
aspiration was also obtained and showed 
peculiar vacuolated, fat containing cells and 
vacuolated erythroid and myeloid precursors. 
Renal and rectal biopsies were normal and the 
final pathologic diagnosis was fatty meta- 
morphosis of the liver. 

The infant’s diet was adjusted to a more 
normal regimen, but before any significant 


* From the Departments of Radiology and Pediatrics, Laiversity of Texas Medical Branch, Galveston, Texas. 
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Fic. 1. Case 1. (4) Note the en- 
larged, radiolucent liver filling 
the right upper quadrant and 
extending across the midline 

- . so as to displace the stomach 
and intestines to the left and downward. The right liver edge (arrows) extends to the abdominal muscles. The 
muscles are more opaque than the fatty liver, whereas normally they are of equal density. (B) Roentgenogram 

obtained during intravenous pyelography enhances the radiolucent appearance of the liver, probably by a 

minimal residual total body opacification effect. (C) Normal liver for comparison. Note the normal degree of 

opacity of the liver which is separated from the equally opaque abdominal muscles (M) by the normally 


radiolucent properitoneal fat stripe (P). In 4 and B the fat stripe is not visualized. 


follow-up could be obtained, the infant's par- 
ents removed the infant from hospital care and 
took her home. She died within 2 weeks, but 
unfortunately postmortem examination was 
not permitted. However, it was postulated that 
the infant suffered from extensive fatty meta- 
morphosis of the liver either from; (1) acci- 
dental ingestion of a toxin, unknown to the 
parents and physicians in charge, or (2) from a 
complication of the incompletely documented 
viral infection. The possibility that the mother's 
general anesthesia at 3 months' gestation had 
produced these liver changes seemed to be a 
very remote etiologic possibility. Indeed, it 
seemed doubtful that this event had anything 
to do with the infant's liver disease. 


Case rr. B.M. This baby boy was born on 
September 26, 1972, a normal product of a 
spontaneous cephalic vaginal delivery. Birth 
weight was 7 pounds, 24 ounces and the infant 
was discharged as a normal infant on a regular 
diet. He was readmitted March 22, 1973, at the 
age of 6 months, with the presenting complaint 
of "yellow eyes" for 1 week. Three months 
prior to this admission the infant had episodes 
of projectile vomiting after feeding. Because of 
this problem, he was placed, by his parents, on 
a diet of “‘kool-aid,” bean soup, and rice gruel. 
In essence there was no animal protein or milk 
intake since December, 1972. Prior to this date 


he had been receiving regular feedings. 

On arrival to our hospital the infant was 
noted to be extremely edematous and jaun- 
diced. Ecchymotic areas were present over the 
entire body and scalp. The liver was enlarged 
and palpable to approximately 6 cm. below the 
right costal margin. It was smooth and firm. 

Roentgenograms of the chest and abdomen 
were obtained and demonstrated a large, ab- 
normally and strikingly radiolucent liver (Fig. 
3). In addition, the skeleton was extremely de- 
mineralized and numerous pathologic fractures 





» A 
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Fic. 2. Case 1. Biopsy material showing extensive 
fatty metamorphosis of the liver. Note the large 
lipid-containing cells, and virtually no normal liver 
parenchyma. 


throughout the metaphyses were presen: (Fig. 
4). The soft tissues were markedly edem atous. 
On the basis of the unusual radiolucency of the 
enlarged liver, the diagnosis of fatty liver was 
suggested. The bone and soft tissue changes 
were believed secondary to severe malnutrition. 

Laboratory data revealed a total serum 
bilirubin of 14.8 mg. per cent (11.4 mz. per 
cent direct). Prothrombin time was 19.9 sec- 
onds (control 11 seconds), while serum e ectro- 
lytes were normal. Alkaline phosphatase was 
144 mU/ml., SGOT 293 mU/ml., and SG?T 71 
mU/ml. Hemoglobin was 8.4 gm. per cent, 
while the white blood cell count was 35,100. 
Repeat prothrombin time rose to 30.8 seconds 
(control 12.9 seconds), and serum prote n de- 
termination showed a total serum prot-in of 


& uc vi ^c. b 

Fic. 3. Case 11. Note the enlarged, strikingly sadio- 
lucent liver which displaces the intestines down 
and to the left. The left lobe of the liver is also 
radiolucent and enlarged and occupies the left 
upper quadrant. Note that the right edge œ the 
liver (arrows) extends to the adjacent abdominal 
muscles. The muscles appear more dense than the 
liver. Normally they are of equal density and are 
usually separated from the liver by the normally 
radiolucent, but thin properitoneal fat stripe (see 
Fig. 1C). Also note that the bones in the infant are 
markedly demineralized and that there are numer- 
ous metaphyseal pathologic fractures. 


Roentgenographic “indings of Fatty Liver in Infants 
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Fic. 4. Case rr. The long bones show extensive de- 
mineralization and changes not unlike scurvy, 
including a Wimberger's ring. Scurvy was not 
biochemically documented in this infant, and the 
changes were believed secondary to the severe 
degree of liver disease. Also note extensive soft 
tissue edema and an indwelling catheter in the soft 
tissues of the right lower leg. 


3.5 gm. per cent and a serum albumin of 1.7 
gm. per cent. Serum calcium was 5.7 mEq./l. 
and serum phosphate 9.2 mEq./l. In spite of 
peritoneal dialysis for a profound acid-base 
imbalance, the infant died shortly after ad- 
mission. 

Postmortem examination revealed the liver 
to be totally replaced by fat (Fig. 54). It had 
the texture and appearance of butter when cut 
with a knife and weighed 585 gm. (normal 200 ` 
gm.). No other abnormalities of the abdominal 
viscera were noted and on histologic examina- 
tion the liver hepatocytes were completely 
replaced by fat (Fig. 5B). Many of the cells 
were of the signet ring variety and most nuclei 
were pyknotic. No fibrosis or infiltration was 
seen. Final diagnosis was extreme fatty meta- 
morphosis of the liver. 

On the basis of the inadequate diet fed to 
this infant, and the striking postmortem ap- 
pearance of the liver, it was determined that 
the most likely diagnosis was severe malnu- 
trition with associated kwashiorkor. 
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! Fic. 5. Case 11. (4) Postmortem examination showing 
| y the enormously enlarged, greasy appearing, fat infil- 
ad trated liver. Note that both the right and left lobes 
eL me are grossly enlarged. Compare liver size and shape 


with the radiolucent liver silhouette in Figure 3B. 
Histologic examination reveals extensive fatty meta- 
morphosis with numerous round, fat-filled cells. There 
is virtual absence of any normal liver parenchyma. 





DISCUSSION AND CONCLUSIONS 


Fatty replacement of the liver can occur 
with a number of conditions. These in- 
clude infectious hepatitis, viral hepatitis in 
the newborn,’ toxic hepatitis, profound 
malnutrition with protein deficiency in 
kwashiorkor,?*9? encephalopathy and 
fatty degeneration of the viscera or Reye’s 
syndrome,?? a number of lipid storage dis- 
eases, and galactosemia.'® However, in 
most such cases the diagnosis of fatty liver 
is made on the basis of biochemical findings 
and/or liver biopsy. In our experience, it 1s 

“unusual to diagnose the condition from ab- 
dominal roentgenograms, and vet in our 2 
cases the enlarged liver silhouette was so 
radiolucent (characteristic fatty density) 
that one had no choice but to suggest the 
diagnosis of “fatty liver." 

Both of our infants died shortly after 
their condition was diagnosed and clearly 
were in the advanced stages of liver disease 
with extreme fatty metamorphosis. The 
first infant died of undetermined causes, 
but the serious degree of liver abnormality 
was presumed to be primarily contributory 


to the infant's demise. It was interesting, 
however, that even though the liver was 
almost entirely replaced by fat, the patient 
was not Jaundiced. This was not true of our 
second infant who was clearly jaundiced at 
the time of admission. This infant was 
finally shown to be suffering from severe 
malnutrition with no protein in the diet 
and resultant kwashiorkor. In the first pa- 
tient the exact cause of extensive fatty 
metamorphosis of the liver was not deter- 
mined, although infectious (viral) hepatitis 
or toxic hepatitis was considered. 

It has been known for many years that 
lipomatous tissue, when present in suff- 
cient quantities, casts a characteristic 
radiolucent density on the roentgenogram. 
The degree of radiolucency is less than that 
seen with air, but still marked enough so 
that fatty tissue 1s easily distinguished 
from the other soft tissues. This phenome- 
non occurs in various portions of the body, 
some as normal manifestations (7.e., pro- 
peritoneal fat stripes, the fat line around 
normal kidneys, normal fat in the soft tis- 
sues of the extremities, etc.), and some 
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with lipomatous tumors (7.e., soft tissue 
lipomas, lipoma of the corpus calosum, 
teratoma, etc.). However, the roeatgeno- 
graphic documentation of advanced fatty 
replacement of the liver, by virtue of an 
unusually radiolucent appearance to the 
enlarged liver silhouette has not, to our 
knowledge, been previously documented, 
even in kwashiorkor. Even if its documen- 
tation has eluded us in our survey of the 
literature, it surely is not a well known 
roentgenographic finding. On the other 
hand, it is also quite possible thet since 
abdominal roentgenograms are net rou- 
tinely obtained in many of these cases, the 
finding has been overlooked. 

It is of interest that both our infants died 
shortly after the finding of radiolucent liver 
became apparent and clearly these infants 
were in the end stages of severe liver dis- 
ease. Certainly it would seem that almost 
total replacement of the liver must be pres- 
ent before the roentgenograms become 
positive for the finding of “radiolucent 
liver.” 

The marked degree of bone dem nerali- 
zation, and metaphyseal fragmentation 
(pathologic fracture), is an interesting addi- 
tional finding in our second infant. Such 
bone change has been noted with severe 
liver disease, especially liver tumer,?: 1-1? 
and cortical and trabecular thinnmg has 
been specifically noted with kwash orkor.! 
In such cases bone changes are presumed 
secondary to protein deficiency.? Other 
bone changes noted with kwashiorkor in- 
clude a delay in bone maturation.! Alimen- 
tary tract changes seen with kwasniorkor 
include a roentgenographically abnormal 
small bowel pattern, somewhat similar to 
that seen with gluten enteropathy. 


SUMMARY 


A new roentgenographic sign, the 'radio- 
lucent liver," secondary to extensive fatty 
degeneration of the liver is presented in 2 
infants. 

In 1 infant the cause of liver damage 
was not completely ascertained (although 
infectious or toxic hepatitis was postulated) 
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while kwashiorkor was the problem in our 
second infant. 

The radiolucent liver sign 1s quite strik- 
ing roentgenographically and 1s probably 
specific for extensive fatty replacement of 
the liver. 

Both our infants died shortly after the 
roentgenographic and clinical findings were 
documented, and although it is not believed 
that one can unequivocally attach prog- 
nostic significance to this sign, it does seem 
to be associated with very extensive end 
stage fatty replacement of the liver, prob- 
ably well beyond significant recovery. 


Department of Radiology 
University of Texas Medical Branch 
Galveston, Texas 77550 


I would like to express my appreciation 
to Dr. Myron Nichols for supplying the 
autopsy material on Case 11, and Drs. 


Geraldine Powell and Richard Marshall 


for the histologic material used in Case 1. 
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VALUE OF ARTERIOGRAPHY BEFORE CLOSURE 
OF ARTERIOVENOUS FISTULAE 
PERFORMED FOR LOWER 
LIMB DISCREPANCY* 


By M. LEA THOMAS and HELEN CARTY 


LONDON, ENGLAND 


ANES and Musgrove in 1950° were first 

to report the use of surgical arterio- 
venous fistulae in the correction of congen- 
ital short limbs in children. Since then 
there have been other communica ions on 
the value of the operation. ?* Recently, 
Kinmonth and Negus? have reviewed their 
experience of 10 patients followec for 12 
years. 

This paper describes in detail the find- 
ings on arteriography in 8 of these patients 
and discusses the value of arteriography 
before operative closure of the fistulae. 


MATERIAL AND METHOD 


Of the 8 patients, 6 had congenial short 
limbs, 1 had had osteomyelitis of the femur 
which destroyed the lower femcral and 
upper tibial epiphyses, and 1 poliomyelitis. 

All the angiograms were obtaned by 
translumbar aortography using a standard 
technique.» The contrast medium agent, 
meglumine iothalamate 60 per cent, 1.5 
ml./kg. body weight, was injected and 
films were exposed at the rate cf 2/sec. 
using an AOT serial film change: with a 
programmed moving table top. The arteries 
from the lower abdominal aorta to the 
ankles were included in the films. 


RESULTS 
The angiographic findings are summa- 
rized in Table 1. 
DISCUSSION 


Translumbar aortography was performed 
in these patients in preference to bilateral 
femoral arteriography to show tae lower 
abdominal aorta and the arterial supply to 


both lower limbs, so that a comparison of 
the size of the main arteries could be made. 
Arterial catheterization of the lower ab- 
dominal aorta was not employed in order to 
avoid possible trauma to the normal 
femoral artery. In addition, translumbar 
aortography can be rapidly performed, an 
important factor when examining patients 
liable to high output cardiac failure, an 
occasional complication of the arteriove- 
nous fistula. 

Using a rapid series of films, the site 
and size of the arteriovenous fistula were 
demonstrated in all cases. In addition, the 
presence of any arterial collaterals and 
enlarged venous tributaries in the region of 
the fistula which could represent an opera- 
tive hazard was also shown. The angio- 
graphic findings were subsequently con- 
firmed in those patients who came to 
surgery. 

The mechanism by which surgical arte- 
riovenous fistula formation stimulates limb 
growth is not understood. In none of the 
arteriograms of our patients were the ar- 
teries below the fistula increased in size, 
although in 2 patients there were arterial 
collaterals in the region of the fistula. AL 
though the size of arteries is not a direct 
index of increased flow, it is related to it 
and these arteriographic findings suggest 
that increased blood flow is not the primary 
factor in producing limb growth. This is in 
agreement with Kinmonth and Negus’ 
findings? of the blood flow measured by 
plethysmography in which it was usually 
less in the limb with the fistula than in the 
normal limb. These authors postulate that 
there is an increased turnover rate of tissue 


* From the Department of Radiology, St. Thomas Hospital and Medical School, London, SE1, 7EH, England. 
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Fic. 1. Case 1. (4) Note site of fistula between left long saphenous vein and the superficial femoral artery 
(arrow). (B) The femoral arteries (a) are of equal size. The left femoral vein is considerably enlarged (v). 
There are enlarged tributaries in the adductor canal. 
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Fic. 2. Case 2. (4) Note site of fistula (arrow). (B) The femoral arteries are of ecual size. 
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Fic. 3. Case 3. (4) Note site of fistula (arrow). (B) The left femoral artery is smaller than the right. 


fluid and lymph flow and found a slight in- 
crease in the size of the lymphatic pathways 
in the operated limb. 

Whatever the exact mechanism, the cre- 
ation of a surgical arteriovenous fistula in 
patients with congenitally short limbs ap- 
pears to be of value. Thus, in the 8 patients 
reported here, there was no increase in 
limb discrepancy 1n 3 patients, and in 3 
others the limb discrepancy was only slight. 
In the patient in whom the limb discrep- 
ancy remained unchanged (Case 3), the 
patient had had osteomyelitis destroying. 
the epiphyses. In the other patient (Case 
8) the length of the limb before the fistula 
was created was not known. 

Once the epiphyses have fused, no further 
bone growth can occur and as the fistulae 
gradually increase in size this may even- 
tually lead to high output cardiac failure. 
For these reasons, once maximal growth 
has been achieved, the fistula 1s closed. To 


«—«« 


Kic. 4. Case 4. Note site of fistula (arrow). The 
femoral arteries are of equal size 
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Fic. 5. Case 5. (4) Note of site of fistula (arrow). The left superficial circumflex iliac artery is enlarged. 
(B) The femoral arteries are of equal size. 





Fic. 6. Case 6. (4) Note site of fistula (arrow). (B) The ;emoral arteries are of equal size. 
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Fic. 7. Case 7. (4) The arteries on the left proximal to the fistula are slightly enlarged. (B) Note site of 
fistula (arrow). The femoral arteries below the fistula are of equal size. 





Fic. 8. Case 8. (4) Note site of fistula on right between the profunda artery and vein (arrow). (B) 
The femoral artery on the right side is smaller than on the left. 


TABLE I 


ANGIOGRAPHIC FINDINGS 
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Size of Size of 
Arteries Veins Size of Artery 
Patient ; Proximal Proximal below 
TNE edis to Fistula to Fistula Compared 
Compared | Compared with Other 
with Other | with Other Side 
Side Side 
i. (V.HL) Below left Enlarged Enlarged Equal 
saphenous 
opening 
2. (S.M.) | Below left Enlarged Enlarged Equal 
saphenous 
opening 
3. (T.L) | Below left Enlarged Enlarged Smaller 
saphenous 
opening 
4. (M.B.) | Below right | Enlarged Enlarged Equal 
saphenous 
opening 
5. (K.B.) | Below left Enlarged Enlarged Smaller 
saphenous 
opening 
6. (Y.E.) | Below left Enlarged Enlarged Equal 
saphenous 
opening 
7. (S.E.) | Upper third Slightly Slightly Equal 
ofthethigh | enlarged enlarged 
8. (P.K.) | Profunda Enlarged Enlarged | Smaller femoral 
femoris artery. Larger 
artery profunda 
artery 
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Age at Age at 
Arterial Venous Value of biens zd Fi 
Collaterals | Tributaries Fistula SORS SPA ree 
Was Was 
Created | Closed 
None Superficial | No increase | 13 years | 15 years | 1, A and B 
femoral vein | in limb 
greatly en- | discrepancy 
larged. Trib- 
utaries in 
adductor 
canal 
None Few in No increase | 12 years | 16 years | 2, A and B 
region of in limb 
fistula discrepancy 
None None Noimprove-| 8years | ro years | 3, A and B 
ment 
None None No increase | 2years | 4years | 4 
in limb 
discrepancy 
None Around and | Discrepancy | 10 years | Present | 5, A and B 
proximal to | less than 
fistula 2 cm. 
None Around and | Discrepancy | 11 years | 18 years | 6, A and B 
proximal to | less than 
fistula I cm. 
In mid | None Discrepancy | gyears | 13 years | 7, A and B 
thizh less than 
o.5 cm 
In upper | At site of Not known | 12 years | 22 years | 8, A and B 
thigh fistula and 
proximal 
to it 





facilitate this an end-to-side anastomosis 
of the proximal saphenous vein to the 
superficial femoral artery? appears prefer- 
able to a side-to-side anastomosis.? 

While the original site of the fistula is 
usually known, and physical examination 
will reveal a bruit, only arteriography will 
show the exact site and size of the fistula. In 
addition, any arterial collaterals and large 
venous tributaries in the operative field are 
demonstrated. We, therefore, suggest that 
arteriography is clearly indicated in the 
preoperative assessment prior to closure of 
the arteriovenous fistula.. 


SUMMARY 


The angiographic findings in 8 patients 
with surgically produced arteriovenous 
fistulae performed for lower limb discrep- 


ancy are described. The exact site and size 
of the fistulae were shown in all patients. 
The arteries below the fistulae are usually 
of the same size as the normal limb or 
smaller, suggesting that increased blood 
flow is not the principal mechanism of the 
bone growth which may result from fistula 
formation. 

Additional information concerning ar- 
terial collaterals and enlarged venous 
tributaries is also obtained. 

It is suggested that arteriography should 
be performed immediately before closure of 
the fistulae. 


M. Lea Thomas 
Department of Radiology 
St. Thomas’ Hospital 
London, SE1, 7EH 
England 
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THE TAPERED DILATOR IN PERCUTANEOUS 
PEDIATRIC NEUROANGIOGRAPHY* 


By HARVEY I. WILNER, M.D. 


DETROIT, MICHIGAN 


To increased reliance by present day 
Neuroradiologists upon adult percu- 
taneous femoral angiography has only more 
recently been applicable to pediatric prac- 
tice. 

In the infantile group, the minute size of 
the femoral artery and the ease with which 
this vessel undergoes vasospasm, makes it 
essential that the smallest possible guide- 
wires and catheters be employed by the 
angiographer. 

Optimal flow rate studies in this age 
group can be obtained with No. 3 or No. 4 
selective polyethylene catheters. However, 
the soft tip of such catheters may cause 
them to fray or buckle upon entering the 
vasospastic artery. Even if vascular pene- 
tration is made by such a catheter, it is of 
definite risk to pass the damaged tip into a 
cerebral blood vessel. 

Teflon is a more rigid material than 
polyethylene and will not usually splinter. 


METHOD 


A 20 gauge thin-walled Potts needle is 
used to enter the femoral artery followed 
by the passage of a .o21 inch stainless steel 
guidewire with flexible tip through the 
needle. Subsequently we pass a tapered 
dilator* (Fig. 1). This dilator is made of 
teflon with the 1.5 cm. tapered portion size 
No. 3 and the remainder size No. 4. The 
tapered portion fits snugly over the guide- 
wire enabling easy passage into the spastic 
femoral artery. By advancing the dilator 
further into the artery, the caliber of the 
opening in this vessel will be sufficient to 
subsequently permit the passage of any 
No. 4 selective polyethylene catheter. 


* Cook, Inc., Bloomington, Indiana. 


Fic. 1. Photograph of 0.021 inch stainless steel guide- 
wire passing through the tapered dilator. 


SUMMARY 


In over 400 pediatric cases, we have suc- 
cessfully used this percutaneous technique 
without any thrombosis at the site of the 
arterial puncture and without any damage 
to the tip of the polyethylene selective 
catheter. 


Department of Radiology 
Children’s Hospital, 
Detroit Medical Center 
Detroit, Michigan 48201 


* From the Department of Radiology, Children’s Hospital, Detroit Medical Center, and the Wayne State University School of 


Medicine, Detroit, Michigan. 
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A *SLIDE RULE? FOR ANGIOGRAPHERS* 


B» B. DAMASCELLI, M.D. 


MILANO, ITALY 


d Bons is a boom in vascular radiology. 
Now that ready-to-use matenal is 
available, percutaneous catheterization 
techniques have become more accessible 
and the “market” for these procedures 1s 
growing. They are employed not only at 
large hospitals but at many small ones, 
with a resulting two-way traffic of x-ray 
films of patients treated at several centers. 
This affords an opportunity to see « large 
quantity of material of undoubted interest. 
However, a fair number of poorly performed 
investigations are seen and the accident 
rate is certainly rising. 

The level of competence, often inversely 
correlated with confidence, varies widely in 
angiography rooms, where the procedures 
are performed by a variety of speaalists: 
cardiologists, radiologists, surgeons and 
nephrologists. Rarely is each one of these, 
taken individually, perfectly familizr with 
all the ins and outs of vascular radiology. 
The specialist literature is full of advice, 
myths that die hard and passing fads. 
Everything or nearly everything 1s known 
about what should be done, but rarely is a 
high level of reproducibility found in this 
investigation, which is one of the most 
dangerous procedures of instrumertal di- 
agnosis. 

As this—for want of a better :erm— 
semi-specialist practice of angiography has 
come to stay and there is little point in 
lamenting the fact, the situation seems to 
call for a simple mnemonic aid so that all 
the essentials are remembered. Our De- 
partment has developed a "slide rule," 
which we describe in case it might be of 
general interest. 


SLIDE RULE DEVICE 


This device is simply a square of ordinary 
perspex (Fig. 1) on which have been en- 





Fic. 1. The radiotransparent plastic slide rule along- 
side a £o ml. bottle of contrast medium. 


craved and lead-painted the following key 
data: 


KV AND MAS 


Memorization of the roentgenographic 
constants on x-ray film facilitates the 
search for the optimal exposure in the 
course of the investigation or in a subse- 
quent evaluation of the patient. The de- 
gree of contrast on the angiograms gives an 
idea of the concentration of contrast 
medium used and guidance on whether a 
given method of injection should be done 
slower or faster or with more or less con- 
trast material. 


FLOW RATE 


The flow rate is expressed in ml./sec. 
Exact memorization of the rate enables 
one at any time to assess the efficiency of a 
catheter or the velocity of circulation of a 
given organ and to locate the roentgeno- 
grams accurately in a sequence. This is 
calculated from the volume per shot and 
the delayed roentgenograms. 


* From the Department of Radiology, National Caacer Institute of Milan, Italy. 
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Fic. 2. (4-C) The device at work in a complex 
angiographic evaluation of a retroperitoneal 
tumor. (/7) Preliminary aortogram. (B) Se. 
lective arteriogram of right lumbar artery. 
Note that the total volume required for iden- 
tifying this vesse. was 10 ml., whereas the 
quantity required for the single shot was 8 ml. 
(C) Selective arteriogram of the ovarian 
artery that contributed to the supply of the 
tumor, which developed from the pelvic inlet 
as far as the right paravertebral region. Here 
again, the identification of the vessel took far 
more contrast medium than was actually in- 
jected for the arteriography. 
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VOLUME PER SHOT 


The maximum volume per shot on our 
slide rule is 60 ml./sec. If the flow rate is 
exact and the catheter is correctzy posi- 
tioned, a larger dose is needed onl- in ex- 
ceptional cases. 


DELAYED X-RAYS FILMS 


The interval between injection of the 
contrast medium and exposure of the 
roentgenograms is expressed in ml. 


TOTAL VOLUME 


This is the volume in ml. of contrast 
medium injected in the course of che in- 
vestigation and comprises the volumes of 
the single shots and those needed for cor- 
rect positioning of the catheters. 


TIME ELAPSED 


This is the interval in minutes frem the 
start of the investigation, which we calcu- 
late from the injection of local anesthetic 
Or induction of general anesthesia. 


DISCUSSION AND CONCLUSION 


The 3 parameters: volume per shot, 
total volume, and time elapsed, a-e the 
checkpoints for preventing contrast me- 
dium toxicity. Obviously, the slower the 
flow rate and the longer the time elapsed, 
the lower the toxicity. However, the diag- 
nostician wants maximum opacificaton at 
every stage in the territory under study. 
The compromise maxim "least quantity 
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injected in least time" is valid, but it has 
to be applied flexibly because of the wide 
variety of clinical problems and because of 
organ toxicity (Fig. 2, A-C). 

The functional status of the kidneys, the 
degree of hydration and the possible ad- 
ministration of fluids in the course of the 
investigation suggest that the total time 
in which a given quantity of contrast me- 
dium is delivered should be taken into 
account. On more than one occasion, since 
we have been using this slide rule, we have 
been surprised by the high consumption of 
contrast material for test doses in com- 
plicated catheterizations: it is not enough 
to remember roughly or to equate the test 
doses in subsequent calculations to 10 or 20 
ml. of contrast medium. 

The light is dim in angiography rooms, 
even with an image intensifier, and the 
various maneuvers have to be executed in 
quick succession. It is, therefore, simpler 
and safer for one of the team to calculate 
the quantity as it is consumed and shift 
the “total volume" indicator. The recording 
of the time elapsed will permit retrospec- 
tive analvsis of the difficulties encountered 
in the various examinations by recalling 
the tvpe of maneuver, the materials and 
the team involved. 

Via Veneziana 1-20133 
Milano, Italy 


I wish to thank Mr. A. Perego for in- 
valuable technical assistance. 
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WOODEN SPLINTER INDUCED “PSEUDOTUMORS” 
AND “OSTEOMYELITIS-LIKE LESIONS” OF 
BONE AND SOFT TISSUE* 


By LEONARD E. SWISCHUK, M.D.,t FLORENCE JORGENSON, M.D., 
ANTHONY JORGENSON, M.D.,§ and DAVID CAPEN, M.D.8 


GALVESTON, TEXAS ' 


OODEN foreign bodies embedded in 

the extremities can result in so-called 
"pseudotumors" or “osteomyelitis-like le- 
sions" of the bone and soft tissues. This 
phenomenon has been described with a 
variety of thorns, but is less well docu- 
mented with other wooden foreign bodies. 
Because of this and because such foreign 
bodies are often initially overlooked, 2 in- 
stances are presented wherein a toothpick 
was embedded in the foot for a prolonged 
period of time and resulted in such a lesion. 


REPORT OF CASES 


Case 1. R.H. On August 10, 1970, this 5 year 
old boy allegedly sustained a puncture wound 
to the dorsum of the right foot, between the 
second and third toes. Glass was reported to be 
the object responsible for the injury, but none 
was found in the wound. Roentgenograms ob- 
tained at that time were normal. Culture of 
debris from the wound grew Staphylococcus 
aureus and B-hemolytic Streptococcus: treat- 
ment consisted of excision and drainage of the 
wound, and systemic antibiotics (kanamycin 
and ampicillin). The boy did not return for a 
regular follow-up visit, but about 6 months 
later did come back with continued infection 
in the right foot. Staphylococcus aureus was 
again cultured, and local incision and drainage 
again performed. 

On August 30, 1973, the boy again sustained 
injury to the right foot; on this occasion the 
foot had been struck with a metal hub cap. 
The right foot was still swollen and there was 
now a draining sinus between the second and 
third toes. Evidently inflammation and infec- 
tion, to one degree or another, had been present 
since 1970, and the lesion had never completely 
healed. Once again Staphylococcus aureus and 


beta-Streptococcus were cultured from the 
wound, and, while incision and drainage were 
performed again, no foreign body was found. 
Roentgenograms obtained on this admission 
showed soft tissue thickening between the 
second and third metatarsals and early peri- 
osteal reaction along the metatarsal shafts 
(Fig. 1). Xeroradiography failed to reveal the 
presence of any foreign body. However, since 
the roentgenographic findings suggested a 





Fic. 1. Case 1. Note periosteal new bone formation 
along the shaft of the second metatarsal (arrows). 
No bone destruction :s seen. 


* From the Departments of Radiology, Pediatrics and Orthopedics, University of Texas Medical Branch, Galveston, Texas. 
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reactive periostitis, the possibility of a chroni- 
cally embedded foreign body was now enter- 
tained. 

Two months later the right foot wzs still 
swollen and the sinus still draining. Repeat 
roentgenograms demonstrated more periosteal 
new bone and persistent soft tissue thickening 
(Fig. 2). Wide incision and drainage were per- 
formed again, but on this occasion one half of 
a round wooden toothpick was found in the 
wound. It lay along the shaft of the second 
metatarsal. After appropriate debridement, in- 
flammation subsided and the wound healed 
completely. Histologic examination of the de- 
brided tissue showed a sinus tract w th sur- 
rounding acute and chronic inflammation. 
Marked eosinophilia in the area of tke sinus 
tract was also noted. 





A- 


Fic. 2. Case 1. Two months later soft tissue swelling 
has caused separation of the second and third 
metatarsals. In addition, there is peiosteal new 
bone formation along both metatarsal shafts 
(arrows). On the second metatarsal it aas matured, 
while that on the third metatarsal is rew. 
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Comment. Neither the patient nor any- 
one else seemed to know how the toothpick 
came to be embedded in the foot. However, 
on repeated questioning it became appar- 
ent that both the patient and his sibling 
often picked and probed at the lesion, and 
although never admitted, it is entirely pos- 
sible that the toothpick was inserted in the 
wound in this manner. Certainly such an 
occurrence is not beyond question: we have 
encountered a third child who did embed a 
toothpick in her own foot. This girl had sig- 
nificant emotional and mental problems 
and after prolonged questioning finally ad- 
mitted to sticking a toothpick in her foot. 
We did not include her in this report as the 
toothpick was not present long enough to 
evoke a soft tissue or bone response. 


Case 11. M.W. This 3 year old female stepped 
on a round toothpick 2 months prior to admis- 
sion. The toothpick evidently stuck in the 
dorsal aspect of the left foot, between the third 
and fourth toes. At that time it was allegedly 
completely removed by the mother. Treatment 
consisted of local care to the wound. Subse- 
quently, the patient was seen in the out- 
patient clinic on 2 occasions and on both demon- 
strated a draining sinus and persistent swelling 
between the third and fourth toes. There was, 
however, no erythema, tenderness, fluctuance, 
pain, or fever. Debris from the wound was cul- 
tured and Staphylococcus aureus was grown. 

Roentgenograms obtained on the second of 
these visits (2 months after original injury) 
revealed deep soft tissue swelling, marked sepa- 
ration of the third and fourth metatarsals, and 
periosteal new bone formation along the fourth 
metatarsal (Fig. 3). No destructive lesions of 
the bone were noted. However, because of the 
over-all appearance of the lesion it was sug- 
gested that the toothpick might still be em- 
bedded in the soft tissues. Surgical exploration 
was then considered, but before it could be 
performed, the wooden toothpick was expelled 
spontaneously through the draining wound 
(Fig. 4). After this event swelling and inflam- 
mation subsided and progressive healing. oc- 
curred. 


DISCUSSION 


Although thorn-induced pseudotumors of 
bone and soft tissue have been documented 
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Fic. 3. Case rr. The pronounced soft tissue swelling 
and induration has caused separation of the third 


and fourth toes. Also, there is rather marked 
periosteal new bone formation along the shaft of 
the fourth metatarsal (arrows). No bone destruc- 
tion is noted, but the bones are somewhat de- 
mineralized. 


in the past, ?** little has been written 
about a similar phenomenon resulting from 
other organic foreign bodies such as wooden 
splinters or toothpicks.^* In 1947 Brein- 
linger* reported experimentally induced 
new bone formation around foreign bodies, 
but this was more in relation to certain 
wire sutures and cat gut as utilized in sur- 
gery, and wooden splinter induced “‘pseudo- 
tumors” or "osteomyelitis-like lesions" re- 
mained relatively undocumented. 

In the previously reported cases of thorn- 
induced pseudotumors, osteolytic or osteo- 
blastic changes in the adjacent bones were 
present, and in some cases associated peri- 
osteal new bone formation was seen. Toxins 
from the thorns were postulated to have 
produced these changes in some of the 
cases,’ but other possible explanations in- 
clude: (1) simple irritation from the foreign 
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body; and (2) secondary infection. Indeed, 
it seems likely that the combination of irri- 
tation by the foreign body (be it mechanical 
or toxic) and secondary infection leads to 
the soft tissue and bone changes seen in 
many of these cases. The clinical course is 
characteristically protracted and the first 
diagnostic considerations are usually those 
of low-grade bacterizl or mycotic infection. 

The roentgenographic findings are often 
the first clue to the correct diagnosis. This 
is exemplified in Case 1 wherein the history 
of foreign body embedment was nebulous. 
In Case 11, even though it was known that 
a toothpick was embedded in the foot, it 

was erroneously believed that the entire 
toothpick was removed immediately after 
initial injury. No osteolytic or osteoblastic 
medullary bone changes suggesting osteo- 
myelitis or bone tumor were present in our 
cases and periosteal reaction was believed 
to be secondary to the soft tissue inflamma- 


-— 


. The draining sinus and soft tissue 


Fic. 4. Case 1 
induration are evident between the third and 
fourth toes. Also note the toothpick (T) which was 
spontaneously expressed from the draining sinus. 
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tion (i.e., reactive periostitis rather than 
true osteomyelitis). However, it should be 
noted that osteolytic or osteoblastic medul- 
lary bone lesions can occur with embedded 
thorns, twigs, and wooden splinters, =° 
and, consequently, if any of the chenges 
just outlined are noted in a patient with an 
indolent, deep soft tissue infection, a for- 
eign body should be strongly suspected. 

Excisional biopsy should always be per- 
formed no matter how typical the roent- 
genographic appearance is for infection 
alone, for only in this manner will the 
foreign body be discovered and the indam- 
matory reaction resolved. Local treatment 
of the draining sinus is inadequate, ‘or if 
the foreign body remains in the soft tissues, 
continued inflammation is the rule. 

Histopathologically, the foreign object is 
usually surrounded by granulation tissue 
and a dense fibrous covering.’ +° There may 
also be a small amount of encapsulated, 
sterile fluid, and if a draining sinus is noted, 
chronic cellular infiltrates are usually 
present. 


SUMMARY 


When a toothpick or other wooden :plin- 
ter is embedded in the soft tissues, chronic 
irritation occurs and secondary infection is 
commonplace. It is likely that both of these 
factors lead to the bone and soft tissue 
changes which result in so-called “pseudo- 
tumors" or “osteomyelitis-like lesions." 
Delay in diagnosis is not uncommon, fer the 
history of foreign body embedment may 
be nebulous. However, when the roentgeno- 
graphic findings of: (1) deep soft tissue 
thickening or swelling; (2) periosteal new 
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bone reaction; or (3) osteolytic or osteo- 
blastic bone change are seen in the presence 
of prolonged soft tissue infection, with or 
without a draining sinus, the diagnosis of 
such a chronically embedded foreign body 
should be strongly suspected. Surgical ex- 
ploration and removal of the foreign body 
is mandatory, for if the foreign body 1s not 
removed, inflammation and infection do 
not resolve. If the foreign body is removed, 
complete clinical and roentgenographic 
resolution is the rule. 


Leonard E. Swischuk, M.D. 
Department of Radiology 
University of Texas Medical Branch 
Galveston, Texas 77550 


We wish to express our appreciation to 
Dr. Allen Alpard, William Beaumont Army 
Hospital, El Paso, Texas, for permission to 
include Case 11. We are also indebted to 
him for obtaining the illustrations of this 
case. 
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DISTAL IRREGULARITIES OF THE FEMUR 
SIMULATING MALIGNANCY* 


By GEORGE R. BARNES, Jr., M.D.,t and JOHN L. GWINN, M.D.t 


TACOMA, WASHINGTON AND LOS ANGELES, CALIFORNIA 


NUMBER of years ago we became in- 

terested in the irregularities seen in the 
distal end of the femur of children. These 
changes are seen along the posteromedial 
aspect of the femur in the metaphyseal 
region. The irregularity was sufficiently 
striking in some children to cause concern 
that it might be due to a malignancy. A 
significant number of children have had 
biopsies performed in this region because 
of suspected malignancy. In discussing this 
with colleagues in both this country and 
Europe, we discovered that our experience 
was not unique. We knew that this was a 
normal finding, but did not know the cause 
or frequency. 

The purpose of this paper is to discuss 
the anatomy of this portion of the femur 
and to demonstrate the etiologv of the 
roentgenographic appearance in this region. 


MATERIAL 


This study is based on the review of 
roentgenograms of the knees of 100 children 
with the knee externally rotated 20 to 45 
degrees. These additional roentgenograms 
were obtained during the examination of 
children in whom the request for the roent- 
genogram was almost without exception 
because of recent trauma. The children 
-were all presumably healthy and repre- 
sentative of those seen in any hospital 
emergency room because of trauma. No 
child with systemic or metabolic disease or 
congenital anomalies was included. 

The knees of 5 adults and 2 children were 
dissected to study the soft tissue and 
osseous anatomy of the distal medial and 
posterior aspects of the femur. The adult 
specimens were from individuals ranging 


from ages 63 to 76 years who had above- 
knee amputations due to diabetic gangrene 
of the foot and lower leg. One of the child's 
specimens was from a 5$ year old boy, whose 
leg was amputated because of gangrene 
due to thrombopenic purpura fulminans 
and the other was an 11 vear old boy, who 
had a malignancy of the proximal femur 
with no evidence of disease involving the 
distal femur. 

We also reviewed roentgenograms of the 
knees of 75 adults obtained with the same 
projection of external obliquity. Forty 
specimens of femora, 21 right and 1g left, 
made available to us by the Department of 
Biological Structure at the University of 
Washington were studied. These were all 
from adults, but the sex and age were not 
available. 


ANATOMY 


It is pertinent to review the anatomy of 
the adductor magnus muscle, as well as the 
distal femur. 

This muscle has a large triangular shape 
with its origin at the apex. There are 2 
major divisions of the muscle, the largest 
consisting of the adductor portion which 
originates primarily from the ischio-pubic 
ramus. This fans out and inserts by means 
of a broad aponeurotic sheath on the pos- 
terior aspect of the femur along a bony 
ridge known as the linea aspera. The latter 
extends almost the entire length of the 
femur. The second portion of the adductor 
magnus muscle, and the one of major inter- 
est In our study, is an extensor in function. 
It arises chiefly from the ischial tuberosity 
and runs in a vertical fashion as a large, 
fleshy bundle. It ends in the lower third 


* Presented, in part, at the Eleventh Annual Meeting of the Society for Pediatric Radiology, September 30, 1968, New Orleans, 


Louisiana. 
ł St. Joseph Hospital, Tacoma, Washington. 
t Children’s Hospital of Los Angeles, Los Angeles, California. 
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of the thigh as a relatively thick tendon 
which inserts on the medial aspect of the 
distal femur at the adductor tubercle (Fig. 
1). This tendon, and its traction, over the 
years of development is the mecharical 
cause of the formation of the adductor 
tubercle. The latter, from the standpoint 
of kinetics, would be more appropriately 
named the “extensor” tubercle. The ad- 
ductor portion of the magnus is innervated 
by the obturator nerve, whereas the ex- 
tensor portion is by the sciatic nerve.*? 

In the lower portion of the femur, the 
linea aspera splits and extends as an in- 
verted Y. Its lateral arm is known as the 
lateral supracondylar ridge (LSR), or line, 
and ends at the lateral epicondyle. The 
medial extension is known as the medial 
supracondylar ridge (MSR), or line, and it 
ends distally at the adductor tubercle 
(Fig. 2). 

The aponeurotic attachment of the ad- 


Fic. 1. Posterior aspect of distal femur showing ex- 
tensor tendon of the adductor magnus (arrcw). 
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Fic. 2. Posterior aspect of femora in slight obliquity. 
There is a medial supracondylar ridge (arrow). 


ductor magnus muscle to the linea aspera 
is interrupted in its length by 3 or 4 fibrous 
arches for perforating branches of the deep 
femoral artery. Beneath these arches, the 
ridge of the linea aspera is not present. 
The arches vary in size and number in 
various specimens. The lowermost and 
largest of these is known as the hiatus 
tendineus, and at this site the femoral 
vessels pass into the popliteal fossa. 

As one dissects the tendon of the ex- 
tensor portion of the adductor magnus 
along its course to its insertion to the ad- 
ductor tubercle, a relatively thin but firm, 
tough aponeurotic sheath is found (Fig. 3). 
This sheath runs in a horizontal medial 
direction perpendicular to the axis of the 
extensor tendon and is attached to (and 
the cause of the formation of) the previ- 
ously described medial supracondylar 
ridge. 

None of the reviewed textbooks of 
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Fic. 3. Posterior aspect of femur showing extensor 
tendon (outer arrow), and aponeurosis from ten- 
don to area of medial supracondylar ridge (inner 
arrow). 


anatomy describe the aponeurotic sheath 
from the extensor tendon, but it was 
present in all dissections, and the underly- 
ing MSR conformed perfectly to its length. 
It apparently affords the extensor tendon 
a broader base upon which to carry out its 
function to greater mechanical advantage. 
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DISCUSSION 


Simon’ wrote about this finding in a 
retrospective study of 345 knees in chil- 
dren. He noted that it was slightly more 
than 3 times as common in boys as girls 
and approximately twice as common on 
the left as the right side. The greatest inci- 
dence was in the 10 to 15 year age group. 
It was his belief that the changes were 
most likely developmental in origin, but 
that they might also be due to post- 
traumatic alterations. 

In 1955, Allen! cautioned that this ir- 
regularity should not be mistaken for ma- 
lignancy, since it was a normal finding. 
Kohler and Zimmer’ attributed the poster- 
ior changes to the origin of the gastro- 
cnemius and plantaris muscle. Caffey and 
Silverman? pointed out that this popliteal 
irregularity 1s a normal finding. 

We have observed that if the irregularity 
in the distal medial femur was seen, it 
would commonly be much more striking if 
the roentgenograms were obtained with the 
knee externally rotated from 20 to 45 de- 
grees (Fig. 4, 4-C). At times, the finding 
would not be visible in the routine antero- 
posterior projection, but easily seen in the 
oblique view. In the review of the roent- 
genograms of adult knees, there was a 
smooth irregularity in the identical loca- 
tion as in the children although none simu- 
lated malignancy. (We are, however, aware 





Fic. 4. (/4-C) Oblique roentgenograms of the knee of 3 different children, showing irregularity 
along the medial supracondylar ridge. 
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of 2 young adults, who have had biopsies 
performed in this region because of the 
irregularity.) 

This irregularity 1s rarely seen in the pre- 
school child. The dissected knee of the 5 
year old child was perfectly smooth and no 
ridge was present even though the apo- 
neurotic sheath was formed and attached. 
It is our opinion that the development of 
the medial supracondylar ridge is time de- 
pendent and due to stress to the bone 
through the attached aponeurosis. A well 
formed adductor tubercle was not vsual- 
ized on any roentgenograms prior to the 
closure of the distal femoral epiphysis. Ir- 
regularity of varying degrees from slight to 
striking was seen in virtually every oblique 
projection in the location where the ad- 
ductor tubercle would eventually form. 

In the anatomic specimens, the average 
length of the adductor tubercle at its base 
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was 6.7 mm. on the right side and 8.5 mm. 
on the left. The average length of the MSR 
on the right was 26.0 mm. and the left 35.0 
mm. (Table 1). There is considerable dis- 
parity in the measured length of the MSR 
on the oblique roentgenograms as com- 
pared to the measurements on the actual 
femoral specimens. This is explained by the 
varying course of the MSR on the posterior 
and medial aspect of the femur, as well as 
the variable degree of external obliquity 
used in making the exposure. 

It is difficult to understand how a ridge 
is seen in 3 different projections (7.e., an- 
teroposterior, oblique and lateral), until 
the dissected specimen is viewed. The 
course of the MSR explains why one does 
not see the irregularity commonly on the 
straight anteroposterior projection and why 
it is best appreciated with obliquity (Fig. 5, 
A-C). The ridge is seen to run along the 


TABLE I 


AVERAGE LENGTH OF MEDIAL SUPRACONDYLAR RIDGE AND ADDUCTOR TUBERCLE 








Roentgerograms of 100 Children 








Exterral Oblique Projection 





Total Group: Number of Roentgenograms 
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Right —s! I5.0 mm. 
Left | —49 17.0 mm. 
32 Right 16.7 mm. 
Males —62 —— —————— 
30 Left 20.5 mm 
I9 Right 13.1 mm à 
Females— 38 —————[—— — ——- 
I9 Left 12.1 mm 
Anatomic Specimens—Femora 
Al] Adults—4o Specimens 
EET Right femur 26.0 mm 
Average length of MSR — ———- 
19 Left femur 35.0 mm. 
21 Right femur 6.7 mm 
Average length of adductor tubercle |- — — 
19 Left femur 8.5 mm 
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Fic. 5. (4) Anteroposterior, (B) oblique and (C) lateral views of the left knee of 26 year old male, 
illustrating medial supracondylar ridge (arrow) with small bony spur. 


medial posterior aspect of the femur when 
viewed from the posterior aspect. It is 
usually more prominent close to the area 
of the adductor tubercle. In a few of the 
anatomic specimens, it was barely per- 
ceptible. In the 40 anatomic specimens, 
measurements of the length and height of 
the ridge and the adductor tubercle were 
recorded. They were slightly more prom- 
inent and larger on the left side, but there 
was no correlation between the size of the 
adductor tubercle and the length and 
prominence of the MSR. The ridge runs 
along the outermost medial posterior as- 
pect of the femur close to the tubercle, but 
runs in an oblique fashion toward the mid- 
line in its more cephalad portion, which ex- 
plains why it is not seen more commonly in 
the usual anteroposterior projection. It is 
sometimes seen extremely well in the lateral 
projection. 

The MSR is the cause of the irregularity 
seen on the medial aspect of the distal 
femur. On the lateral view it is seen in the 
posterior aspect of the distal femur. Other 
reports have not been able to establish any 
muscle or tendinous attachments in this 
area.^* [t is our belief, however, that this 
ridge is formed due to the aponeurosis of 
the extensor portion of the adductor 
magnus muscle and the associated muscle 
stress. The medial head of the gastroc- 
nemius muscle and the plantaris attach- 


ments have nothing to do with the irregu- 
larity seen in the distal femur. 


SUMMARY 


Roentgenograms of the knees, externally 
rotated, in 100 children were reviewed in 
evaluation of the irregularity seen on the 
posteromedial aspect of the distal femurs. 
Dissection studies of the soft tissue and 
osseous structures were carried out in 
order to determine the etiology of this ir- 
regularity. It is more commonly seen in 
boys and on the left side and may be mis- 
taken for malignancy. 

This apparent break in the cortex, with 
irregularity and occasional diminutive spic- 
ule formation, is a normal finding and due 
to the medial supracondylar ridge. An 
aponeurotic sheath from the extensor 
tendon of the adductor magnus muscle at- 
taches along the medial supracondylar 
ridge, and with muscle stress and growth 
causes the development of this ridge. The 
development of the adductor tubercle is 
due to the attachment of the extensor 
tendon of the adductor magnus. 

The medial supracondylar ridge is not 
usually seen in the preschool age and is 
most commonly identified in oblique or 
lateral projections of the knee in the 1o to 
15 year old child. The adductor tubercle 
Is not seen until after closure of the distal 
femoral epiphysis. 
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NEUROTOXICITY OF X-RAY CONTRAST MEDIA* 


RELATION TO LIPID SOLUBILITY AND BLOOD- 
BRAIN BARRIER PERMEABILITY 


By STANLEY I. RAPOPORT, M.D.,f and HERBERT LEVITAN, Pu.D.t 


BETHESDA AND COLLEGE PARK, MARYLAND 


-RAY contrast media that are em- 
ployed in cerebral and spinal cord an- 

giography occasionally produce neurologic 
complications that are manifestations of 
neurotoxicity. The experimental approach 
to neurotoxicity is confused, however, be- 
cause multiple factors come into play and 
neurotoxic endpoints have not been well 
defined.! For example, hemodynamic re- 
sponses to contrast media and breakdown 
of the blood-brain barrier have been used 
as endpoints, but they are not neces- 
sarily related to the central nervous system 
involvement that represents neurotoxic- 
1t y, 2:12,17,26,33,34,36 

Solutions of currently used x-ray contrast 
media (salts of triiodobenzoic acid deriva- 
tives) are as concentrated as 1.45 osmolal 
and can open the blood-brain barrier at 
equal osmotic concentrations of about 1.2 
osmolal, when perfused into the internal 
carotid artery of rabbits. They probably 
widen tight junctions between cerebro- 
vascular endothelial cells by shrinking the 
cells osmotically. The continuous cerebro- 
vascular endothelium constitutes the blood- 
brain barrier to passive entry of solutes into 
the brain and is permselective for lipid 
.soluble solutes.519.29.55 

Because they open the barrier at equal 
osmolalities, it is probable that differences 
in neurotoxicity among the X-ray contrast 
media are unrelated to osmotic barrier 
opening. Such differences may depend in- 
stead on specific physico-chemical proper- 
ties that regulate media permeability 
through the barrier, such as lipid solubility 
and the aqueous dissociation constant. 

Such a possibility has not been consid- 


ered seriously before because salts of the 
triiodobenzoic acids are almost completely 
dissociated at physiologic pH./?19:4 Entry 
of organic electrolytes into the brain across 
the blood-brain barrier is thought to de- 
pend entirely on the concentration and 
lipid solubility of the undissociated lipid 
soluble form.?:?5 

The dissociated form of an organic elec- 
trolyte has, however, a finite lipid solubil- 
ity.!? Since the ratio between intravenous 
and intracisternal LD;, in mice is as high 
as 1,400:1 for some contrast media," entry 
into the brain of even a small fraction of 
the arterial concentration may be sufficient 
to produce neurotoxicity.?? This small entry 
may in part include the dissociated form. 
It was of interest therefore to estimate 
quantitatively the brain uptake of contrast 
media of both the dissociated and undis- 
sociated forms, and to see if neurotoxicity 
and systemic toxicity could be related to 
lipid solubility and concentration. An ab- 
stract of this paper has been published.? 


METHOD AND RESULTS 


RELATION OF NEUROTOXICITY OF X-RAY CONTRAST 
MEDIA TO LIPID SOLUBILITY 


Recent reviews on x-ray contrast media 
that are derivatives of benzoic acid have 
concluded that they have distinct differ- 
ences in their neurotoxicity.!!2:!3:36 The use 
of some has been discarded because of the 
high incidence of neurologic complications. 
In the United States, Conray, Hypaque 
and Isopaque remain in use. On the basis 
of these reviews, we rank ordered 8 contrast 
media anions with respect to neurotoxicity, 
as illustrated in Table 1. A rank of 5.6 for 


* Award paper of the American Society of Neuroradiology. Presented at the Eleventh Annual Meeting of the American Society of 
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TABLE I 
CORRELATION OF NEUROTCXICITY WITH OCTANOL/WATER PARTITION 
COEFFICIENT (PHA) FOR 8 CONTRAST MEDIA* 
Contrast Medium Commercial Rank of at Rank of Lipid 
Anion Name Neurotoxicity SSA Solubility 
Iothalamate Conray I 1.96 2 
Ioxithalamate Vasobrix 2 1.30 I 
Diatrizoate Hypaque, Urog-afin TE 2,60 3 
Metrizoate Isopaque 3.8 2.60 4.4 
Iocamide Uromiro 5 2.60 "NI: 
Diprotrizoate Miokon 6 1.50 7 
Acetrizoate Urokon 7 3.29 6 
2,4,6- Triiodobenzoate -— 8 4.08 8 





* Log Ppa values are taken from Table 11. The rank corælation coefficient between neurotoxicity and lipid solubility is 0.94 (P «o.o1). 


diatrizoate and metrizoate indicates that 
these 2 anions have the same neuroto»icity. 

The lipid solubility of a compound can 
be defined as its tendency to be distri»uted 
selectively in a lipid rather than in an aque- 
ous phase, and is conveniently quar tified 
by its octanol/water partition coefhc ent.” 
The permeability of cell membranes «nd of 
the blood-brain barrier to a substance in- 
creases as the lipid solubility or partition 
coefficient of the substance increases.*^? 
As far as we know, partition coefficients 
have not been measured for the coatrast 
media, and therefore we calculated octa- 
nol/water partition coefficients by using 
rules for their additive-constitutive p-oper- 
ties. 9. 3:10, 22,23 

For a parent compound whose coefacient 
is P’ and for a derivative compound whose 
coefficient is P^,, the additive constant 7x 
is defined as 


2.2 doe Pts = tee (1) 
For instance, if the parent compound 1s 


benzoic acid and the derivative com»ound 
is p-iodobenzoic acid, 


Fp- = log Pick benzoic ^ log FP venson 
LI$ 302 — 1:37, 
Experimental log P^ values were obtained 
from tabulations by Leo e al.” 
Table 11 illustrates how the octanol, water 


partition coefficients were calculated or the 
8 contrast media anions in Table 1. Pua 1s 


the coefficient of the undissociated acid, 
HA. Adding iodide to benzoic acid increases 
Pua, while adding the acetamide group de- 
creases Pua: 

Comparison of the rank order of neuro- 
toxicity with that of Pua shows that the 
more neurotoxic agents are more lipid solu- 
ble (Table 1), the rank correlation coefh- 
cient being 0.94 (P «o.or). The exact rank 
of either neurotoxicity or lipid solubility 
may be unreliable because of the estimates 
that we make, but this significant correla- 
tion indicates their very close relation. 


RELATION BETWEEN BRAIN UPTAKE 
AND LIPID SOLUBILITY 


The correlation between octanol/water 
partition and clinical neurotoxicity sug- 
gests that a rate-limiting step regulating 
neurotoxicity is the passage of the contrast 
medium across cell membranes, presuma-, 
bly those of the blood-brain barrier.?'!? The 
question arises as to whether brain uptake 
of contrast media is large enough to justify 
this suggestion, and is in the same quanti- 
tative order as neurotoxicity. 

In the Appendix we calculate a partition 
parameter P which takes into account the 
relative concentrations of the undissociated 
form HA and dissociated form A- of the 
contrast media acids, as well as their re- 
spective partition coefficients Pua and Pa. 
We assume that net brain uptake of both 
forms of the organic acid will be a function 
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OF LOG PHa FOR 2,4,6-TRIIODOBENZOIC ACID AND ITS DERIVATES* 







































































COOH 
{N1 
R; V R; 
I 
Contrast Medium Additions Calculations Log Pua 

2,4,6-Triiodobenzoate R;: —H log Phenzoie 3-7 p.11 + 2o 1 

R;: —H 1.87 +1.1§+2(0. 53) 4.08 
Acetrizoate Rg: == NHCOCH; log Ped +Tin—acetam ido 

R;: —H 4.08 —0.79 3.29 
Diatrizoate R: CNHCOCH; log Pii 1-27: acetam ido 

R;: CNHCOCH; 4.08 —1.58 2.50 
Iothalamate Rs: —CONHCH; log Print +-Tim—acetam ido + %m—CONH2+ TTCH3 near NH 

R;: -NHCOCH; 4.08 —0.79 —1.49 +0.16 1.96 
Metrizoate Rs: —N(CH3)COCH; log Perit + 2TMn—acetamido +TCH3 on N 

R;:—NHCOCH, 4.08 —1.58 +o.1 2.60 
Iodamide R;: CH;NHCOCH; log Peri-1-+- 270 acetamido F TCH3 on N 

R;: —-NHCOCH, 4.08 —1.58 --O. I 2.60 
Ioxithalamate R;: CONHCH;CH;OH log Peri-1 + m—acetamido +7 m—CONH2CH3-t+ Tm—CH20H 

R;: —-NHCOCH; 4.08 —0.79 —1.33 —o.66 I.30 
Diprotrizoate R5: NHCOCH;CH; log Pus + 271i —-acetamido tF 28CH2 

R;: NHCOCH:CH,;, 4.08 —1.58 +1.0 ^ d 








* Log Pua values are composed additively of individual zx values, as discussed in text. Log Pii 1— log Ps, triiodobenzoic acid. 


Source of substituent constants is Leo ef 47.? 


of the lumped partition parameter P, since 
blood-brain barrier permeability increases 
with increasing partition coefficient for 
solutes in general? 

Blood-brain barrier permeability and 
„brain uptake of the benzoic acid derivates 
have not been measured, but recently a 
method has been developed by which brain 
uptake of 7 aliphatic monocarboxylic acids 
was determined.” A mixture of C! tracer 
and of HO (which easily crosses the bar- 
rler) was injected into the internal carotid 
artery of the rat and the brain was sampled 
15 seconds later. The brain uptake index 
(BUI) is calculated as follows: 


Brain Uptake Index (BUT) 
Brain C/Brain H? 


Injectate C4/Injectate H? 


(2) 





Figure 1 shows that the BUI's of the 
aliphatic monocarboxylic acids increase 
with increasing values of log P, as proposed 
above. This supports the suggestion that 
the rate limiting step for passive brain up- 
take of these acids is their transfer across 
the lipoid membranes of the blood-brain 
barrier. BUI is not a linear function of 
blood-brain barrier permeability, however, 
because very high BUI’s depend also on 
cerebral blood flow. 

Log P in Figure 1 was calculated with the 
use of Equations 7 and 8 from experimen- 
tal values of log Pua,” letting pK, — 4.8?? 
and blood pH=7.4. Pa was taken as 
I07*- Py,.^!? The experimental BUI’s in 
Figure 1 exclude contributions made bv 
carrier-mediated mechanisms to the brain 
uptake of some of the monocarboxylic 
acids.” 


Vot. 122, Nos 1 
The BUI for the x-ray contrast media 
can be predicted from the BUI of the ali- 
phatic monocarboxylic acids, assuminz that 
the BUI of both classes depends on og P. 
Contrast media that are derivatives of 
benzoic acids have pK,’s closer to 3.c than 
to 4.8. In 5o per cent methanol-water, 
pK,’s range from 3.0 to 3.6," and calculate 
out to be about 3.0 in aqueous solution,!® 
(using a reaction constant p= 1.085). 


LOG Pa 


I/LD0so s kg/mM 





LOG Pua 


Fic. 1. Relation of brain uptake of organic acids to 
octanol/water partition coefficients. The brain up- 
take of an organic acid is quantified by the brain 
uptake index (BUI) which is the ratio of abeled 
acid to tritiated water in the brain relative to that 
injected into the internal carotid artery 15 seconds 
earlier? (see text). The experimentally determined 
uptakes of 7 aliphatic monocarboxylic acids (filled 
circles) are given on the ordinate, and the abscissa 
is log P as calculated from experimental log 
Pua,” pKa=4.8,?9 and pH — 7.4, as given by Equa- 
tion 8. The experimentally determined BUI's 
exclude contributions made by carrier-mediated 
transport.? They are fit by the least square- curve 
given by the equation, log BUI = 4.459 4-0. :24 log 
P— 1.161 (log P}. The open circles in the figure 
represent the predicted brain uptakes of the x-ray 
contrast media, where their log Pya are g ven in 
Table 1, pKa=3.0, and log P=log Pgu4— 3.92 
(Equation 9). 
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By using Equation 7 in the Appendix, we 
were able to calculate log P for the contrast 
media at pH 7.4 from their log Pua in 
Table 1, from pK,=3.0, and by letting 
P4— 107 !Py,4. The open circles in Figure 1 
represent the predicted values of BUI for 
the x-ray contrast media acids, as based on 
observed BUI for the monocarboxylic 
acids. The lower pK,’s for the contrast 
media shift their effective partition param- 
eter log P to the left of the values for the 
monocarboxylic acids, thereby decreasing 
their predicted brain uptake index. 

As pointed out by Oldendorf,” a BUI of 
2 per cent indicates that a substance 1s 
practically impermeant across the blood- 
brain barrier, while higher values show 
that it can enter the brain. On the basis of 
our calculations and assumptions, it ap- 
pears that the contrast media will have a 
significant permeability across the blood- 
brain barrier, and that differences in their 
permeability may be enough to account for 
the correlation between partition coefh- 
cient and neurotoxicity. 


RELATION OF LD OF SUBSTITUTED BENZOIC 
ACIDS TO OCTANOL/WATER PARTITION 
COEFFICIENT AND PK, 


LD;o is an administered quantity of 
drug that is lethal to £o per cent of test 
animals. Its measurement alone leaves open 
the mode of death and the target organs 
affected, and therefore cannot be used with- 
out further information to indicate neuro- 
toxicity. For a large number of drugs, LD; 
decreases with increasing lipid solubility, 
indicating that the passage of agents across 
lipid cell membranes is an important factor 
in systemic toxicity.? 

Figure 2 shows that systemic toxicity in 
mice, as measured by the quantity log 
(1/LDs50), is highly correlated with calcu- 
lated log Pua or log Pa for a large number 
of benzoic acid derivatives which are 
analogs of drugs used clinically as contrast 
media.’ The major exceptions to this rule 
are 2-amino- and 4-amino-3,5-diiodobenzoic 
acid and 3-amino-2,4,6-triiodobenzoic acid, 
probably because their pK,’s are higher 
than those of the other acids. The pK,’s of 





Octanoate 
2,4,6- Triiodobenzoat 


Hexanoate® 








Diprotrizoate 
Acetrizoate 


50 


Metrizoate, Iodomide 
Diatrizoate 


Iothalamate 
e Butyrate 







Propionate 


Oo 


Ioxitalamate 


e Observed 
O Predicted 


BRAIN UPTAKE INDEX, % 


CO 





LOG P 


FiG. 2. Relation of systemic toxicity to log Pua for 
derivatives of benzoic acid. Systemic toxicity is 
represented as log (1/LD 5) for mice.?* Log Pya is 
calculated as shown in text. The curve is the least 
squares fit to the data, excluding points (1), (2) 
and (3). It is given by the equation, log (1/LD;o) 
= —0.076 (log Pu4)?4- 1.17 log Pia —4.278. The 
numbers represent the following benzoic acid de- 
rivatives: (1) 2-amino-3,5-diiodobenzoic; (2) 3- 
amino-2,4,6-triiodobenzoic; (3) 4-amino-3,5-di- 
iodobenzoic; (4) 2-acetylamino-3,5-diiodobenzoic; 
(5) 2-butyrylamino-3,5-diiodobenzoic; (6) 2-(n- 
caproylamino)-3,5-diiodobenzoic; (7) 2-benzoyl- 
amino-3,$-diiodobenzoic; (8) 2-(a-phenylbutyryl- 
amino)-3,5-diiodobenzoic; (9) 2-(o-iodobenzoyl- 
amino)-3,5-diiodobenzoic; (10) 3-formylamino- 
2,4,6-triiodobenzoic; (11) 3-acetylamino-2,4,6-tri- 
lodobenzoic; (12) 3-propionylamino-2,4,6-triiodo- 
benzoic; (13) 3-butyrylamino-2,4,6-triiodoben- 
zoic; (14) 3-benzoylamino-2,4,6-triiodobenzoic: 
(15) 3-isobutyrylamino-2,4,6-triiodobenzoic; (16) 
3-caproylamino-2,4,6-triiodobenzoic; (17) 3-cap- 
rylamino-2,4,6-triiodobenzoic; (18)  3-lauroyl- 
amino-2,4,6-triiodobenzoic; (19) 4-acetylamino- 
3,5-ditodobenzoic; (20) 4-benzylamino-3,5-diiodo- 
benzoic. 

Substances (1), (2) and (3) were excluded from 
the least squares calculation because their pk,’s 
differ markedly from those of the others (see text). 
If pK,'s are taken into account by plotting log 


Stanley I. Rapoport and Herbert Levitan 


SEPTEMBER, 1974 


the latter are close to 3.0, the value of 
acetrizoic acid, while the pK, of 2-amino- 
benzoic acid is 6.97, of 3-amino-benzoic 
acid 1s 4.78 and of 4-amino-benzoic acid is 
4.923? (see Discussion). 

A plot of 1/LD;, against log P, which is 
calculated with use of these pK,’s (Equa- 
tion 7), reduces the discrepancies in Figure 
2 for compounds (1), (2) and (3). We illus- 
trate this in Figure 2 by showing how the 
positions of these 3 acids would approxi- 
mate those of the others, if all 1/LD;, were 
plotted against log P rather than log Pua. 
Differences of pK, lead to differences in the 
additive constant of Equation 7. 


DISCUSSION 


Many factors have been related to the 
neurotoxicity of x-ray contrast media. Im- 
plicated have been agglutination of red 
blood cells and increased blood viscosity, 
vasospasm and modification of cerebral 
blood flow, the direct toxic effect on cells 
and opening of the blood-brain barrier.! 

The data reported in this paper show 
that neurotoxicity of several contrast media 
with approximately equal pK,’s is corre- 
lated with their lipid solubility as measured 
by their octanol/water partition coefficient 
Pua. If the pK,’s of the organic acids differ 
however, brain entry will depend also on 
the relative concentrations of A- and HA. 
These are determined by pK, and are ac- 
counted for in the partition parameter P 
(Appendix). Organic acids with higher 
pK,’s have higher proportions of the un- 
dissociated HA form, higher values of P 
and higher systemic toxicities, as illustrated 
in Figure 2. 

Although it is generally believed that the 
blood-brain barrier excludes charged com- 
pounds and the dissociated form of organic 
electrolytes from entering the brain,?:28 


(1/LDs) against log P rather than log Pya, the 
positions of (1), (2) and (3) would move to the 
right, relative to the positions of the other com- 
pounds, as illustrated by the open circles and 
arrows 1n the figure. 
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these compounds will enter the brain to 
some degree if they have a finite lipid solu- 
bility. The partition coefficient of A- 
amounts to 1074! that of HA for ben- 
zoic acid derivatives. Since pK, 3.0, 
[A-]/[HA] 2 10** at pH 7.4 (Equation 4). 
The term which determines the relative 
contributions of A- and HA to P in Ecua- 
tion 3 is PA[A-]/Pu4[HA] and equals 2.0. 
In other words, the dissociated acid form 
A- of the contrast media should make up 
two-thirds of the partition parameter P. It 
remains to determine actual values of F for 
the contrast media, as well as their brain 
uptake index. 

For the aliphatic monocarboxylic acids 
on the other hand, with pK,-~4.8, the 
quantity Pa[A-]/Pua[HA] =0.03. Thus, the 
dissociated form A- contributes only 3 per 
cent to P. 

The permselectivity of the blood-brain 
barrier can be reduced by osmotically 
shrinking cerebrovascular endothelial -ells 
and opening tight junctions between them. 
Concentrated solutions of urea and NaCl, 
as well as of contrast media, probably cpen 
the blood-brain barrier in this way.?*9* 31:34 
It is reasonable to assume that the neuro- 
toxicity which increases as the quantity of 
contrast medium administered 1s increased 
depends in part on osmotic opening of the 
barrier and the consequent entry of the 
contrast medium into the brain. 

We therefore can identify 2 factors re- 
lated to neurotoxicity which have tc do 
with passage of contrast medium from 
blood to brain across the blood-brain Dar- 
rier. The anion specific factor is the Epid 
solubility, or partition coefficient of the 
contrast medium, which determines pas- 
sage through cerebrovascular endothelial 
cell membranes of the unaltered barier. 
The nonspecific factor is the osmolality of 
the contrast media, which can open tght 
junctions and permit passage between cells. 

Both of these influences would be en- 
hanced by prolonged contact with the cere- 
brovascular system due to prolonged duara- 
tion of perfusion or to repeated injectmns, 
and could explain the enhanced neuro- 
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toxicity under these conditions. Additional 
factors such as reduced blood flow may be 
important. Possible enhanced entry into 
the brain by carrier-mediated transport 
also must be considered.? 

On the basis of our calculations, it would 
appear that the neurotoxicity of contrast 
media could be reduced by reducing Pya. 
In addition, a reduction in pK, would de- 
crease the proportion of the more lipid solu- 
ble HA form in solution. Neurotoxicity 
could be reduced also by increasing protein 
binding, ^? although fractional binding is 
correlated with P4." The use of polymeric 
contrast media will reduce medium osmo- 
lalitv'? and the possible osmotic opening of 
the blood-brain barrier that also can pro- 
duce neurotoxicity. 

How toxicity 1s produced once the agents 
enter the brain is still an unresolved ques- 
tion. The basis for their action may lie in 
their ability to directly affect central ner- 
vous system neurons. Benzoic acid deriva- 
tives have been shown to affect the mem- 
brane permeability and electrical activity 
of isolated neurons with a relative potency 
which is highly correlated with their lipid 
solubility. Hoppe,^ however, found no 
difference in LD;, between acetrizoate and 
diatrizoate when given intracerebrally in 
mice, although acetrizoate was twice as 
toxic as metrizoate by the intravenous 
route. Clearly, the differential effects of 
contrast media on isolated cells require 
further study. 


SUMMARY 


Neurotoxicity of x-ray contrast media 
used in cerebral and spinal cord angiogra- 
phy is related to 2 factors. 

The specific factor is the lipid solubility, 
or octanol/ water partition coefficient of the 
contrast medium anion, which determines 
its passage through membranes of cerebro- 
vascular endothelial cells of the blood-brain 
barr:er. 

The nonspecific factor is solution osmo- 
lalitv, which opens tight junctions between 
the cells through which the contrast media 
then can enter the brain. 
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Differences in neurotoxicity of 8 contrast 
media that are derivatives of benzoic acid 
are correlated with differences in their spe- 
cific octanol/water partition coefficient. 
Brain uptake depends on the partition co- 
efficient and on pK,, which determines the 
proportion of dissociated and undissociated 
form of the acid in blood. Systemic LD 5 of 
the benzoic acid derivates also depends: on 
octanol/water partition and on pKa. 


S. I. Rapoport, M.D. 

Laboratory of Neurophysiology 
National Institute of Mental Health 
Bethesda, Maryland 20014 


APPENDIX 


The octanol/water partition coefficient of 
the undissociated form of an organic acid is 
defined as Pya, and that of the dissociated 
form is defined as P,. Let a combined par- 
tition coefficient P depend linearly on the 
fractional concentrations of A- and HA in 
solution, multiplied by their respective par- 
tition coefficients, 


[HA] 
[A-]-- [HA] 


P—Pnà +P, m | (3) 
[A-]-- [HA] 


This equation means that the contribu- 


tions to P of A- and HA are in the ratio 
P,[A-]/PaalHA]. [HA] can be calculated 
from the acidic dissociation constant K, 
and [H*], and can be written in terms of 
pK, and pH as well, 

[H*] 


— — mu IOo(PEs-PH). 


Ka 


When pH—pK,>1, the acid is at least 
go per cent dissociated and 


[A-] ~ [HA] + [47]. (5) 


Substituting Equations 4 and § into 
Equation 3 gives the following: 


P = Pya(Pa/Pua + [H+]/K). — (6) 


As discussed in the text, for the benzoic 
acids and aliphatic monocarboxylic acids 
P,-—107*! Pa, and substitution into 
Equation 6 gives, after conversion to 
logarithms, 





(4) 
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log P=log PzA--log [10734-1069 5«-?2)]. (7) 
At pH 7.4 and when pK,—4.8 (aliphatic 
monocarboxylic acids), Equation 7 gives, 
(8) 
At pH=7.4 and pK,-—3.o (benzoic acid 
derivatives), Equation 7 gives, 


log P = log Pua — 2.59. 


log P = log Pua — 3.92. (9) 


Equations 8 and g differ by a constant. 

We thank Dr. Giovanni Di Chiro for the 
many helpful discussions and for elucidat- 
ing for us the clinical aspects of neuro- 
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facilities of the Computer Science Center at 
the University of Maryland. 
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REPORT OF THE COMMITTEE ON CONIRAST 
MEDIA OF THE INTERNATIONAL 


SOCIEIY OF 


HE XIII International Congress of 

Radiology (Madrid, Spain) provided 
the setting for the Committee on Coatrast 
Media of the International Society of Radi- 
ology to hold its first worldwide committee 
meeting. Attending were committee mem- 
bers from America, England, Europe, Aus- 
tralia, etc. This meeting was important 
since previous gatherings of the Committee, 
limited to the American contingency, had 
taken place in the United States durirg the 
annual meetings of the American Roentgen 
Ray Society or the Radiological Society of 
North America. 

Dr. William H. Shehadi, Chairman of the 
Committee on Contrast Media (CCM), 
called the Madrid meeting to order on 
Monday, October 15, 1973, and reported on 
the recent and past activities of the CCM. 
He indicated that the CCM had received 
100,000 standardized forms which repre- 
sented completed pilot study question- 
naires on adverse reactions to contrast 
media examinations. Contrast media njec- 
tions were performed in participating radio- 
logical departments from several nations 
and contained information as to patient 
age and sex, type of examination (usogra- 
phy, cholangiography, angiography, lym- 
phography, etc.), dose and type of comtrast 
medium, history of allergy, results o? pre- 
vious examinations, types of premedication, 
results of pretesting, occurrence and type 
of adverse reactions—their treatment and 
the outcome of the reaction. Of the 100,000 
finished questionnaire reports, computer 
tabulated data on 65,000 studies formed 
the basis of the CCM report (1) presented 
to the Congress members during the sym- 


RADIOLOGY 


posium on contrast media in the scientific 
program on Friday. This presentation high- 
lighted the symposium, established the 
eficacy of CCM and reinforced the need 
for an international body capable of tra- 
versing national boundaries in the accumu- 
lation of relevant information on contrast 
media and on any given contrast medium 
available for use within any nation. 

The CCM, conscious of the need to ob- 
tain larger statistics, resolved to broaden 
and strengthen its present program by: (1) 
establishing a multinational reporting on a 
simplified form (especially to register se- 
vere, fatal, and other major nonfatal ad- 
verse reactions); and (2) utilizing special 
report forms for specific subprojects within 
the over-all larger study. In the meantime, 
the present longer form will be continued 
until 250,000 intravascular contrast media 
injections have been tabulated and ana- 
lyzed by the computer. The present longer 
form is to be retained for use when new 
products are evaluated in the future. 

On Wednesday evening another impor- 
tant meeting took place. This was attended: 
by members of the CCM and representa- 
tives of the worldwide industry (pharma- 
ceutical companies) manufacturing contrast 
media to discuss interests and problems of 
mutual concern. Dr. Shehadi opened the 
session by declaring that “the members of 
the CCM are very willing and most anx- 
ious to provide help or information to the 
companies which they might find useful in 
the development and manufacture of the 
ideal (completely safe) contrast media." 

Similarly, the Chairman conveyed to the 
industry the urgent need to redesign labels 
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on packages and vials as well as the pack- 
age inserts since the present method places 
the radiologist, other physicians, and the 
patient at a disadvantage. Particularly, 
there is a need to: (1) review the wording of 
indications-contraindications in the use of 
contrast media; (2) standardize the nomen- 
clature to provide a uniform expression of 
contrast media-concentrations in milli- 
grams per ml. or percentage of product 
(especially as the same product appears in 
different countries); (3) provide uniformity 
in conveying ihe iodine content, percentage 
and type of ton and cation and the quality 
control of manufacturing methods; (4) to 
provide a clear designation of expiration date 
on all vials and packages; (5) provide for 
standardization of information on new proa- 
ucts regarding chemical, physical, pharma- 
ceutical, and clinical testing data; (6) create 
uniform criteria for the preclinical evalua- 
tion-testing of contrast media; and (7) to 
report preclinical testing results on each organ 
structure (brain, heart, liver, kidney, etc.) 
as well as large total body perfusions. 


Following the professional meeting be- . 


tween industry and CCM a pleasant cock- 
tail hour and dinner-meeting, hosted by 
Bracco Industria Chimica of Milan, Italy, 
was enjoyed by all the participants through 
the generosity of Bracco’s Board Chairman, 
Dr. Fulvio Bracco. The evening arrange- 
ments were effectively handled by Dr. 
Bonati, Bracco’s President: 


Presently, the CCM continues to pursue 


its policies, being engaged in the prospective 
Accumulation of data on adverse reactions 
to contrast media, in the establishment 
of appropriate subcommittees (prevention 
and treatment of reactions, package no- 
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menclature, etc.) and establishing an-inter- 
national center for a register on contrast 
media which will receive reports, record 
data, tabulate adverse reactions and collect 
and evaluate all publications concerned 
with the clinical and experimental use of 


contrast media. This center could provide | 


an effective working relationship with the 
manufacturing companies as well as the 
federal drug administrative bodies of all 
countries in the world, since the same 
product(s) appears in different countries 
under varying trade names. 

Finally, while the CCM acknowledges its 
past financial support (International Soci- 
ety of Radiology, pharmaceutical industry, 
and others), it encourages and needs ac- 
celerated professional and economical sus- 
tenance on a continuous basis from world- 
wide industry, the International Society .of 
Radiology, and other interested parties and 


- organizations including the national radio- 


logical societies of all countries. 


WiLLIAM H. Sugnapr, M.D, 
Chairman 

Committee on Contrast Media 

27 Byram Shore Road 

Byram, Connecticut 10573 


RicHaAnD C. Prister, M.D. 
Massachusetts General Hospital 
Boston, Massachusetts 02114 
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J. PAUL MEDELMAN, M.D. 


1905- 


R. J. PAUL MEDELMAN, the 66th 

President of the American Roentgen 
Ray Society (1965), died July 6, 1974. Paul 
was born in Crary, North Dakota, *ebru- 
ary Io, 1905, graduated from Rush Medical 
School and had his internship and raciology 
residency training in the twin cities of 
Minneapolis and St. Paul. Except for a 
short period in Lubbock, Texas and « years 
(1942-1946) in the army medical carps he 
spent his entire professional life in S+. Paul 
where he was Chief of the Radiology De- 
partment in St. Joseph's Hospital from 
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1936 to the time of his death. Paul also was 
senior member of a 17 man group of private 
practice radiologists who serve the twin 
city area. 

Paul was a true general radiologist with 
superior capabilities in both radiation ther- 
apy and diagnosis. Early in his career he 
and his original partner, Dr. Edward 
Schóns, installed one of the first million volt 
therapy machines in the country and for 
the last 12 vears of his life he limited his 
practice to therapy. Between these two 
periods Paul became a superb diagnostic 
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radiologist with special interest in chest 
diseases. National recognition of his diag- 
nostic ability came in the form of election 
as an American Medical Association dele- 
gate to the AMA Section on Diseases of the 
Chest and election to the American Board 
of Radiology as a Trustee and regular ex- 
aminer. Professional competence was also 
indicated by his long standing appointment 
as Clinical Professor of Radiology at the 
University of Minnesota Medical School. 
Paul was most enthusiastic about this as- 
signment and devoted a large amount of 
time to the teaching of interns and resi- 
dents. 

Paul was a most sincere gentleman, 
always considerate of others and always 
willing to listen. He had an uncommon 
ability to simplify complicated matters and 
apply common sense to the solution of dif- 
ficult problems. These characteristics plus 
the ability to be an unassuming leader led 
to a large number of professional assign- 
ments and honors. Some of these are: Presi- 
dent Ramsey County Medical Society, 
1952; President Minnesota State Radio- 
logical Society, 1956; President Minnesota 
State Board of Medical Examiners, 1956; 
President Minnesota State Medical Asso- 
ciation, 1964; President American Roent- 
gen Ray Society, 1965. His executive abil- 
ity was clearly demonstrated by eleven 
years (1960-1971) of service as Secretary of 
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the Minnesota State Board of Medical 
Examiners. For notable contributions to 
medical science and outstanding service to 
its organization it was only natural that the 
Minnesota State Medical Association in 
1968 chose him for its highest honor—The 
Distinguished Service Award. 

Paul was not a “joiner,” he never sought 
titles or honors, but his deep sense of ob- 
ligation to the medical profession and his 
specialty made him willing to serve when 
called on. Nationally, the American Medi- 
cal Association benefitted from his contri- 
butions to the Section on Diseases of the 
Chest and he served as Vice-Chairman and 
then Chairman of the AMA Section on 
Radiology. With enthusiasm and thorough- 
ness he carried out several committee as- 
signments from the American College of 
Radiology. 

This rare combination of professional ex- 
cellence, leadership, unassuming greatness 
and willingness to serve brought Paul a 
great many friends. Those so privileged will 
always treasure the memories and all can 
look upon him as a man whose life was 
truly well spent. 

Paul is survived by his wife Helen, two 
sons, John P., St. Paul, and James K., 
Denver, a sister, Katherine Medelman, 
Jordan, Minn., and 5 grandchildren. 

CLYDE A. SrEvEeNsoN, M.D. 
Spokane, Washington 
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MAURICE LENZ, M.D. 
1890-1974 


R. MAURICE LENZ, Emeritus Pro- 

fessor of Clinical Radiology -at the 
College of Physicians and Surgeons o: Co- 
lumbia University, died on January 4, 1974. 
In 1890, he was born in Kovno, Russia, and 
in 1907 emigrated to the United States. The 
College of Physicians and Surgeons con- 
ferred the degree of Doctor of Medicine 
upon him in 1913. Following a general ro- 
tating internship at the Lebanon Hospital 
in the Bronx, New York, Dr. Lenz was in 
general practice until 1917, at which time 
he accompanied the American Expedirtion- 
ary Force to France as a Lieutenant in the 


Medical Corps. 

At the conclusion of World War I, he be- 
came assistant dermatologist at Mt. Sinai 
Hospital, New York, and at the Vanderbilt 
Clinic. performed radiation therapy for 
dermatologic conditions. 

In 1921, he took his mother to Germany 
to be irradiated for cancer of the ovary. 
Her death from ovarian cancer helped per- 
suade Dr. Lenz to change his specialty to 
radiation therapy. Consequently, he pur- 
sued a Fellowship in Pathology with Pro- 
fessor Aschoff at Freiburg University, in 
Germanv, and later became a Fellow in 
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Radiation Therapy at the Institute Curie, 
in Paris, working with Monod, Regaud, 
and Coutard. 

Completing his program at the Institute 
Curie, he returned in 1924 as Assistant 
Radiotherapist at Mt. Sinai. He continued, 
in radiation therapy practice as Chief of 
Radiation Therapy at Montefiore Hospital, 
New York, until 1930. Dr. Lenz then as- 
sumed the position of Chief of Radiation 
Therapy at Presbyterian Hospital and 
Professor of Clinical Radiology at the Col- 
lege of Physicians and Surgeons of Colum- 
bia—posts which he held until 1955. During 
this period he also was Director of the 
Division of Cancer of the Department of 
Hospitals for the City of New York and 
Chief of Radiation Therapy at the Frances 
Delafield Hospital. 

In 1955 he was made Professor Emeritus 
-of Radiotherapy at Columbia University 
and, in 1968, received the Silver Service 
Medal of the University. 

Dr. Lenz was President of the American 


Radium Society and of the New York 


Roentgen Society. In addition, he was a 
Life Member of the American Medical As- 
sociation, the New York Academy of Medi- 
cine, the International Radiotherapy Club, 
and an Emeritus Member of the American 
College of Radiology. 

Dr. Lenz received frequent "—« 
including -Honorary Fellowships in the 
Texas Radiological Society, the Fort Worth 
Radiological Society, the Royal Society of 
Medicine, the Nord. Foren for Med. Radi- 
.ology in Sweden as well as honors from 
many Central and South American Radio- 
logical and Cancer Societies. 

In 1959, the World Health Organization 
selected Dr. Lenz as a Visiting Professor to 
universities and hospitals in India, Ceylon, 
the Philippines, Hong Kong, Japan, and 
Russia. Writing of his trip to the U.S.S.R., 
he told with particular care and under- 
standing the problems related to cancer 
patients in that country. 
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He was honored by the New York Cancer 
Society in 1966, and in 1972 the American 
Society of Therapeutic Radiologists paid 
tribute to him at the 14th annual meeting. 

Dr. Lenz's contributions to the literature 
of cancer were broad and significant. In 
more than 100 publications he dealt with 
the treatment of cancer and, in particular, 
with malignancies of the head and neck and 
of the breast. 

His specific contributions related to de- 
scriptions of detailed, meticulous tech- 
niques for the treatment of head and. neck 
cancer with spécial reference to careful 
analyses of the histology of the disease, to 
its natural history and spread, and to the 
end results of treatment. His publications 
on the natural history of breast cancer and 
the mechanisms for dissemination are hall- 
marks in understanding the disease. 

A contributor to his specialty until his 
death, Dr. Lenz's acquaintance spanned 
Workers in radiation therapy from the early 
days of the Curie Foundation to present 
investigators. His pioneering efforts influ- 
enced a generation of radiation therapists 
who were stimulated as much by his warm 
humanity as by his knowledge and dedica- 
tion. Even in retirement, he continued to 
be concerned for the development of 
younger physicians by devoting hours to 
teaching and demonstrating appropriate 
radiation therapy techniques and to em- 
phasizing the need for careful follow-up 
procedures. 

Dr. Lenz exemplifies the best of our pro- 
fession—a radiation therapist who be- 
queathes a legacy of intellectual honesty, 


‘knowledge, and commitment to a vast'ar- 


ray of younger physicians at cancer centers 
throughout the world. To him, whose 1n- 
fluence on many medical careers has been 
immeasurable, we are deeply indebted. 

In his passing, we have lost a great friend, 
but all of us are richer for his having passed 
our way. 


LuTHer W. Brapy, M.D. 
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NATIONAL COUNCIL ON RADIATION PROTECTION 
AND MEASUREMENTS (NCRP) 


HE election of 6 new members and the 

re-election of 2 members to the Na- 
tional Council on Radiation Protection and 
Measurements (NCRP) was announced to- 
day by Dr. Lauriston S. Taylor, President 
of the NCRP. | 

The Council, successor to the National 
Committee on Radiation Protection and 
Measurements, was chartered by Congress 
in 1964 as a‘non-profit corporation to col- 
lect, analyze, and disseminate scientific 1n- 
formation and recommendations about 
radiation measurement and protection 
against radiation. 

Those newly elected at the Council's an- 
nual meeting were: William J. Bair, Ph.D., 
£o, Manager, Biology Department, Pacific 
Northwest Laboratories, Battelle Memorial 
Institute, Richland, Washington; Asher J. 
Finkel, M.D., 59, Director, Department of 
Environmental, Public and Occupational 
Health, American Medical Association, 
Chicago; Marvin. Goldman, Ph.D., 46, 


Director, Radiobiology Laboratory, Uni- 
versity of California, Davis; A. W. Guy, 
Ph.D., 45, Assistant Professor of Rehabili- 
tation Medicine, Department of Rehabili- 
tation, School of Medicine, University of 
Washington, Seattle; Seymour Jablon, 
M.A., 56, Statistician, National Academy 
of Sciences, Washington; and Chauncey 
Starr, Ph.D., 62, President, Electric Power 
Research Institute, Palo Alto, California. 
The 2 members who were re-elected are 
Cyril L. Comar, Ph.D., 60, Head, Depart- 
ment of Physical Biology, Cornell Univer- 
sity, Ithaca, New’ York; and Harry F. 
Schulte, M.S., 60, Group Leader, Industrial 
Hygiene, Health Division, Los Alamos Sci- 
entific Laboratory, University of Califor- 
ni, Los Alamos, New Mexico. | 
For additional information, please con- 
tact: W. R. Ney, Executive Director, Na- 
tional Council on Radiation Protection and 
Measurements, 7910 Woodmont Avenue, 
Suite 1016, Washington, D. C. 20014. 
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DEPARTMENT OF HEALTH, EDUCATION 
AND WELFARE 
PUBLIC HEALTH SERVICE: 
FOOD AND DRUG ADMINISTRATION 
The Food and Drug Administration an- 
nounced a Federal Standard for diagnostic 
x-ray equipment effective August I, 1974, 


at a press briefing held at the Bureau of 


Radiological Health, 10:00 a.m., July 30, 
Conference Room 416, 12720 Twinbrook 
Parkway, Rockville, Maryland 20852. 

A statement about the standard was pre- 
sented by Bureau of Radiological Health 
Director, John Villforth. Other representa- 
tives of the Agency were present to answer 
questions. Á press release, copies of the 
statement, and other information about the 
standard were available at that time. 

For further information, please contact: 
Michael E. W. Shaffer, Public Information 
Officer, Bureau of Radiological Health, 
Food and Drug Administration, 5600 Fish- 
ers, Lane (HFX-25), Rockville, Maryland 
208 52. 


CLINICAL APPLICATIONS OF THE GAMMA 
SCINTILLATION CAMERA 
INDIANA UNIVERSITY SCHOOL 

OF MEDICINE 

A 3 day Workshop will be held Septem- 
ber 5-7, 1974, in Indianapolis, Indiana. 

The enrollment is limited to 30. 

Further information may be obtained by 
writing to: Division of Postgraduate Medi- 
cal Education, Indiana University School 
of Medicine, 1100 West Michigan, Indian- 
apolis, Indiana 46202. 


WORKSHOP AND DEMONSTRATION 
ON MOULD ROOM TECHNOLOGY 

"The Section on Radiation Therapy of the 
New York Roentgen Society announces a 
. "Workshop and Demonstration on Mould 
Room Technology" by Mr. C. W. Dickens, 
Chief Mould Room Technician, The Royal 
Marsden Hospital, London and Surrey, 
England. 


The same Workshop will be offered on- 


SEPTEMBER, 1974 


ITEMS 


the following dates: Workshop A—Septem- 
ber 9-13, 1974. and Workshop B—Septem- 
ber 23-27, 1974, at the Memorial Sloan- 
Kettering Cancer Center, Radiation Ther- 
apy Department (Room 205H). 

For registration please write to: Mr. 
Louis Maddalone, Course Coordinator, De- 
partment of Radiation Therapy, Memorial 
Sloan-Kettering Cancer Center, 1275 York 
Avenue, New York, New York 10021. 


RADIOLOGY OF THE PEDIATRIC CHEST 


This Symposium, sponsored by the Com- 
mission on Diagnostic Radiology, Division 
on Postgraduate Education Committee on 
ACR Symposia, American College of Radi- 
ology, will be held at Tampa, Florida, 
September 6, 7, 8, 1974. 

Each participant will share a viewbox 
with a partner and have the essential roent- 
genograms at hand. The course will cover: 
Obstructing Lesions of the Airway; In- 
flammatory Disease; Systemic Diseases as 
Manifested in the Chest; Thoracic and 
Mediastinal Masses; and Conditions Pecu- 
liar to the Newborn Infant. 

The faculty is headed by John A. Kirk- 
patrick, Jr., M.D., and Donald H. Altman; 
M.D., Co-Chairmen. They will be Joined 
by Edward Singleton, M.D., and John 
Gwinn, M.D., for this first symposium. 

Enrollment is limited to 200 registra- 
tions. All registrations will be accepted on a 
first come-first served basis. 

Applications should be sent to: American 
College of Radiology, 6900 Wisconsin Ave- 
nue, Chevy Chase, Maryland 20015. 


RADIOLOGY OF THE GASTRO. 
INTESTINAL SYSTEM 


Approved for Category 1 (15 Hours) 


The Symposium, sponsored by the Com- 
mission on Diagnostic Radiology, Division 
on Postgraduate Education Committee on 
ACR Symposia, ACR American College of 
Radiology, will be held at Chicago, Illinois, 
October 18, 19, 20, 1974. 

This gastrointestinal symposium empha- 
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sizes observation, analysis, and evaluation 
of basic radiologic features of barium stud- 
ies of the GI tract—esophagus, stomach, 
duodenum, small bowel, and colon. Prob- 
lems which are likely to be encountered by 
radiologists in their everyday practices will 
be featured and discussed in detail. Each 
diagnostic possibility for each case will be 
put into proper perspective and an estimate 
of the confidence level of each possibility 
will be made. 

The faculty 1s headed by Bernard S. 
Wolf, M.D. Joining Dr. Wolf on the faculty 
are the following recognized experts on 
radiology of the gastrointestinal system: 
Drs. Thomas C. Beneventano, Arthur R. 
Clemett, Alexander R. Margulis, Richard 
H. Marshak, Morton A. Meyers, William 
B. Seaman, and Walter M. Whitehouse. 

Registrations will be accepted on a first 
come-first served basis. 

All registrations and inquiries regarding 
this Symposium should be sent to: The 
American College of Radiology, 6900 Wis- 
consin Avenue, Chevy Chase, Maryland 
20015. 


A COURSE IN COMPUTERIZED 
TOMOGRAPHY OF THE HEAD 

The Departments of Diagnostic Radiol- 
ogy and Biomedical Engineering of the 
Rush Medical College are offering a “Course 
in Computerized Tomography of the Head" 
to be held at the Medical School in Chicago 
on October 24th and 25th, 1974. 

The course will consist of a presentation 
of the clinical uses of computerized tomog- 
raphy in the diagnosis of brain tumors, 
hemorrhages, hydrocephalus, orbital tu- 
mors, cerebrovascular occlusive disease, 
dementia and trauma. 

Part of one day will be devoted to com- 
puter interaction. with the scanner and 
there will also be lectures and panel discus- 
sions concerning recent technical advances 
in the field as well as the role of computer- 
ized tomography in future departmental 
planning. 

The Faculty of the course consists of 
members of the Rush Medical College fac- 
ulty as well as individuals from several in- 
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stitutions which have had at least a year or 
more of experience with this technique. 

The Guest Faculty will include: Saul 
Aronow, Ph.D., Hillier Baker, M.D., David 
O. Davis, M.D., Romeo Ethier, M.D., 
David King, B.Sc., Paul New, M.D., Juan 
Taveras, M.D., Christopher Thompson, 
M.Sc. 

Further information may be obtained by 
writing to: Michael S. Huckman, M.D., 
Director, Section of Neuroradiology, Rush- 
Presbyterian-St. Luke's Medical Center, 
1753 West Congress Parkway, Chicago, 
Illinois, 60612. 


RADIOLOGY OF THE SKELETAL SYSTEM 


This Symposium sponsored by the Com- 
mission on Diagnostic Radiology, Division 
on Postgraduate Education, Committee on 
ACR Symposia, American College of Radi- 
ology will be held at Montreal, Quebec, 
Canada, November 8-10, 1974. 

The Symposium will begin at 7:30 P.M. 
on Friday, November 8, and will end at 
about 2:00 P.M. on Sunday, November Io. 
A block of rooms has been set aside for par- 
ticipants; therefore, a hotel reservation 
card will accompany the notice of accep- 
tance for this Symposium. 

The Symposium has received AMA 
credit in Category 1 for the Physician’s 
Recognition Award for 15 hours of credit. 
This credit may also be used for state and 
local organizations' requirements. 

All registrations are on a first come- 
first served basis. 

Applications should be sent to: American 
College of Radiology, 6900 Wisconsin Ave- 
nue, Chevy Chase, Maryland 20015. 


FORTIETH ANNUAL SCIENTIFIC ASSEMBLY 
OF THE AMERICAN COLLEGE 
OF PHYSICIANS 

"Meeting Tomorrow's Clinical. Needs 
Today" is the theme of the 4oth Annual 
Scientific Assembly of the American Col- 
lege of Chest Physicians to be held at 
the Marriott Hotel —Rivergate Exhibition 
Center, New Orleans, Louisiana, Novem- 
ber 3-7, 1974. 

Scientific Program Chairman 1s John T. 
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Sharp, M.D., Professor of Medicine, Uni- 
versity of Illinois School of Medicine, 
Chicago. 

The meeting will feature nationally 
known physicians discussing such topics 
as "Long-Term Membrane Oxygenation,” 
"Newer Methods of Cardiopulmonary Sup- 
port" and “Lung Cancer— Current Over- 
view." The Assembly will consist of 5 days 
of workshops, symposia, fireside confer- 
ences and the presentation of original in- 
vestigations. Also highlighting the meeting 
are medical motion pictures, luncheon 
panels, evening seminars and tutorial ses- 
sions. 

For further information, please write: 
Bradford W. Claxton, M.Ed., Director, 
Continuing Education, American College of 


Chest Physicians, 911 Busse Highway, 
Park Ridge, Illinois 60068. 


HYPOXIA: CRITICAL CARE ASPECTS 


Hypoxia, the common denominator of all 
critical illnesses, will be the topic of the na- 
tional symposium for nurses and allied 
health professionals to be held Monday, 
November 4, 1974. This program is spon- 
sored by the American College of Chest 
Physicians in association with their goth 
Annual Scientific Assembly to be held in 
New Orleans, Louisiana, November 3-7, 
1974. Course Chairman is Norma Shepard, 
R.N. 

The subject of hypoxia will be introduced 
by a case presentation which will serve as a 
fulcrum for the program content. The pro- 
gram is designed to emphasize the role of 
each team member in their clinical ap- 
proach to the care of the critically ill pa- 
tient and the importance of the collabora- 
tive role of all members of this team. 

Objectives of the program will be met 
throughout the day by a panel of experts 
that comprise the health care team. The 
assessments, interventions and projected 
role of each team member will be discussed 
following each formal presentation. Audi- 
ence participation is encouraged during in- 
formal discussions. 

Registrants are encouraged to attend the 
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40th Annual Scientific Assembly of the 
ACCP at the Marriott Hotel— Rivergate 
Exhibition Center in New Orleans, Louisi- 
ana. 

For further information, please write: 
Bradford W. Claxton, M.Ed., Director, 
Continuing Education, American College 
of Chest Physicians, 911 Busse Highway, 


Park Ridge, Illinois 60068. 


SPECIAL PROCEDURES IN DIAGNOSTIC 
RADIOLOGY: BASIC AND 
NEW INFORMATION 

This Seminar, sponsored by the Depart- 
ment of Radiology at Mount Sinai Medical 
Center in collaboration with the Depart- 
ment of Radiology at Jackson Memorial 
Hospital, University of Miami School of 
Medicine, Miami, Florida, will be held 
January 12-16, 1975 at the Miami Beach 
Hyatt House (formerly the Playboy Plaza) 
in Miami Beach, Florida. 

For further information, please contact 
Manuel Viamonte, Jr., M.D., Department 
of Radiology, Mount Sinai Medical Center, 
Miami Beach, Florida 33140. 


MIDWINTER RADIOLOGICAL CON- 
ERENCE OF THE LOS ANGELES 
RADIOLOGICAL SOCIETY 

The Twenty-seventh Annual Los An- 
geles Midwinter Radiological Conference 
for 1975 will again be held at the Century 
Plaza Hotel, Los Angeles, California 90067, 
on January 31st, February 1st and 2nd of 
1975. 

Outstanding speakers will again be fea- 
tured in Diagnostic and Therapeutic Radi- 
ology, as well as Nuclear Medicine and 
Ultrasound. 

The small workshops which were very 
popular will be expanded for the coming 
meeting. The country’s second largest 
Radiologic technical exhibit will be open 
for viewing on all 3 days. 

An added feature this coming year will 
be a post-conference trip to Hawaii that 
will feature outstanding speakers as well as 
ample time for relaxation. 

For further information, please write: 


Larry Kussin, M.D., Publicity Chairman. 
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Human Rapration Brorocv. By Kedar N. 
Prasad, Ph.D., Associate Professor of Radi- 
ology; Chief, Section of Radiation Biclogy, 
University of Colorado Medical Center, 
Denver, Colo. Cloth. Pp. 524, with 162 illus- 
trations. Price, $25.00. Harper & Row, Pub- 
lishers, Inc., 2350 Virginia Avenue, Hagers- 
town, Md. 21740, 1974. 


First, we would begin by stating that this 1s 
a reasonable attempt for a readable and useful 
text about Radiation Biology. It is not entirely 
about Human Radiation Biology (and rightly so) 
as the title would have you believe. In the Fore- 
word it is stated that the importance and reces- 
sity of medical radiobiology stem from ques- 
tions of genetic dangers to radiation exposure 
and a desire for more fundamental knowledge 
to use in treatment. Regarding the need for 
greater basic knowledge we would suggest that 
the fundamental premise would be to develop 
better means of prevention and detectien of 
cancer. 

The preface informs the reader that the text 
is for radiologv and radiation therapy residents 
and medical students, but that it may be used as 
a reference book by others including phys cians 
in general and technologists. In our way of 
thinking this is attempting to achieve too much. 

The author is the chief of the section in radia- 
tion biology at a large medical center ard, as 
such, has access to material one could classify 
as Human Radiation Biology. A review of the 
Table of Contents reveals that there are 23 
chapters, of which the first 7 or about one-third 
are on topics which deal with cellular anc sub- 
cellular phenomena. The other 16 chapters are 
either based entirely on non-human inform ation 
or liberally sprinkled with non-human derived 
information. Radiation and Genetic Damage, 
Chapter 18, contains information gleaned from 
work with Vicia faba (beam roots), Drosephila 
melanogaster (fruit fly), and mice but no hu- 
man work. It could not be otherwise. Fadio- 
sensitivity of human tumors, Chapter 20, is 
correctly documented with considerable non- 
human and 7z vitro material. 

The first chapter details the basic principles 
that are presented in rapid-fire fashion. Later 
the reader becomes aware that each subject will 
be considered in meaningful detail. However, 








we feel that this should be emphasized and re- 
peated at the outset. 

Chapter 3 is a useful review, but 1s aimed 
somewhat low for the primary audience, the 
resident. In reality, residents most commonly 
enter the specialty with the depth of general 
knowledge that will allow them to begin at a 
level of sophistication greater than that char- 
acteristic of this chapter. Also, the bibliography 
at the end of the chapter is incomplete at best. 

Chapter 4 again only gives a glimpse of the 
subject under discussion, but the reader would 
benefit from a review of the articles in the New 
England Journal of Medicine by Little. 

The references for Chapter 6 appear com- 
plete and should be utilized by the reader. At 
the end of this basic section we would recom- 
mend a discussion of the subjects covered in 
Chapters 21-23 before moving to the more 
clinical aspects. Those subjects covered in 
Chapters 9, 10 and 11 might well be considered 
in a single complete chapter. 

Regarding the remaining sections, too much 
emphasis is placed on such aspects as cataracts, 
nervous system response, etc. Perhaps the 
weakest chapter in terms of our bias is that 
written on the subject of Genetic Damage, 
which is really not up to recent interpretations 
and data. The chapter on Hazards to the Hu- 
man Fetus does not properly utilize the work 
by the Oxford Group and other epidemiological 
studies. The answers that evolve from good 
epidemiological studies are of great moment to 
the group involved in radiation research as well 
as the general population. 

There are a number of excellent texts on’ 
Radiation Biology, however, they all tend to 
have certain outstanding primary virtues, but 
are limited in scope. Hall's text has many of the 
virtues of this text and might be considered as 
an alternative. Human Radiation Biology 1s 
more of a listing of facts and data than an at- 
tempt to organize ideas and propose general 
concepts, but the presentation is generally clear 
and simply stated. We feel that because of the 
general scope of this text that it would be a use- 
ful addition to a personal or departmental 
library. 

TimotHy Merz, Px.D. 
A. EVERETTE JAMES, Jr., Sc.M., M.D. 
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MopeErn THIN-SECTION TomocrapPHy. Edited 
by Arnold Berrett, M.D., Associate Clinical 
Professor of Radiology, New York Medical 
College, New York, N. Y.; Sam Brünner, 
Radiologist-in-Chief, Gentofte Hospital, Co- 
penhagen, Denmark; and Galdino E. Valvas- 
sori, Professor of Radiology, University of 
Illinois College of Medicine, Chicago, Hl; 
with a foreword by Sölve Welin, M.D., Pro- 
fessor of Diagnostic Radiology, University 

Hospital of Lund, Malmo, Sweden. Cloth. 
Pp. 337, with some" figures. Price, $26.50. 
Charles C Thomas, Publisher, 301-327 East 
- Lawrence Avenue, Springfield, Ill. 62717, 

1973. | 

The current status of tomography in clinical 
radiology is reviewed in this latest treatise on 
the subject. It is a multi-authored work by ex- 
perts in the field, both in this country and 
abroad. The subject material covers historical 
aspects, physical principles, equipment and its 
application to the study of the skull, larynx, 
spine, lungs and mediastinum, and abdomen. 
The largest section is devoted to the temporal 
bone. The material covered is succinct and valu- 
able, but its usefulness is impaired by the poor 
quality of the reproduction of the roentgeno- 
grams, so that the reader often cannot identify 
on the roentgenograms the structures which are 
illustrated in accompanying line drawings. One 
serious omission is the absence of any discussion 
on the usefulness of tomography in pneumo- 
encephalography. A less serious omission is any 
reference to the use of the submental vertical 
view for study of the optic canal. 

The bibliography is sufficiently broad to per- 
mit the reader to expand his fund of knowledge 
by apprcpriate further readirg. 

I believe that this book will find its greatest 
usefulness to the trainee and as a bibliographic 
source and, for this reason, that it would be a 
valuable addition to the library of training 
Institutions. 

THEODORE E. Keats, M.D. 


THE Year Book or Raproxoey, 1974. Radio- 
logic Diagnosis; edited by Walter M. White- 
house, M.D.; associate editors, Joseph J. 
Bookstein, M.D., Trygve O. Gabrielsen, 
M.D., John F. Holt, M.D., William Martel, 
M.D., and John R. Thornbury, M.D. Radia- 
tion Therapy: edited by Howard B. Latour- 
ette, M.D.; associate editors, A. Curtis Hass, 
M.D., and Robert T. Guthrie, M.D. Cloth. 
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Pp. 435, with some illustrations. Year Book 
Medical Publishers, Inc., 35 East Wacker 
Drive, Chicago, Ill. 60601, 1974. 


With today's emphasis on continuing educa- 
tion and upgrading professional standards, the 
1974 Yearbook of Radiology becomes almost a 
necessity for the overburdened radiologist. It 
represents countless hours of review of world 
medical journals and the compilation and ab- 
stracting of the most important information 
pertinent to radiology during the past year. 

Drs. Whitehcuse, Latourette and their asso- 
ciate editors have continued the tradition of 
excellence acquired for the Yearbook over the 
past several decades. Their sage editorial com- 
ments are freely sprinkled throughout the text. 
There are frequent additional references for 
those who desire to pursue a topic further. The 
Hlustrations and photographs selected are of 
highest quality. 

Ás in recent past editions, the selected ab- 
stracts are divided about equally between diag- 
nosis and therapy. A few pages are devoted to 
Isotopes in radiation therapy, and there are 
even some articles on diagnostic isotope pro- 
cedures, such as lung scanning. Ultrasound, 
xeroradiography, electron radiography, and 
survey radiologic procedures are but a few of 
the topics reviewed under the heading of tech- 
nical developments. It would be impossible to ` 
single out any specific article in the diagnostic 
or therapeutic sections for special mention, but 
all are concisely presented for rapid and inter- 
esting reading. This text is a valuable addition 
to the radiologist's personal reference library. 


Arca H. Hari, M.D. 


BOOKS RECEIVED 


Pepiatric NucLEAR Mepicine. Edited by A. Ever- 
ette James, Jr., Sc.M., M.D., Associate Professor 
of Radiology; Director of Radiological Research, 
The Johns Hopkins University School of Medicine; 
Henry N. Wagner, Jr., M.D., Professor of Radi- 
ology; Director of Nuclear Medicine; Professor of 
Medicine, The Johns Hopkins University School of 
Medicine; and Robert E. Cooke, M.D., Vice 
Chancellor for Health Sciences; Professor of Pedi- 
atrics, University of Wisconsin; Formerly, Given 
Foundation Professor of Pediatrics; Director of 
the Department of Pediatrics, The Johns Hopkins 
University Schcol of Medicine. Cloth. Pp. 544, 
with 378 illustrations. Price, $35.00. W. B. 
Saunders Company, West Washington Square, 
Philadelphia, Pa. 19105, 1974. 

ANGIOGRAPHY IN INFANTS AND CHILDREN. Edited by 
Michael T. Gyepes, M.D. Cloth. Pp. 378, with 
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many illustrations. Price, $24.75. Grune & Strat- 
ton, Inc., 111 Fifth Avenue, New York, N. Y. 
10003, 1974. 


Basic ScrENCE PRINCIPLES OF NucLEAR MEDICINE. 


Edited by Charles M. Boyd, M.D., Associs te Pro- 
fessor of Radiology (Nuclear Medicine), and 
Medicine; Head, Division of Nuclear Medicine, 
University of Arkansas Medical Center; Chief, 
Nuclear Medicine Section, VA Hospital. Little 
Rock, Ark.; and Glenn V. Dalrymple, M.D., Pro- 
fessor and Chairman, Department of Rac iology; 
Professor of Biometry, Physiology, ani Bio- 
physics, University of Arkansas Medical Venter; 
Chief, Radiology Service, VA Hospital, Little 
Rock, Ark.; Professor of Medical Physies, Uni- 
versity of Arkansas at Little Rock. Cloth. Pp. 
with 253 illustrations. Price, $21.00. C. V. Mosby 
Company, 3301 Washington Boulevard, St. Louis, 


= 


Mo. 63103, 1974. 
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THE Docror’s LawvER: A LEGAL HANDBOOK FOR 


Docrors. By Marc J. Lane, J.D., Member, 
Medico. Legal Relations Committee, Chicago Bar 
Association. Cloth. Pp. 99. Price, $12.75. Charles 
C Thomas, Publisher, 301-327 East Lawrence 
Avenue, Springfield, Ill. 62717, 1974. 


INSTRUMENTATION IN NucLEAR Mepicine. Volume 
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2. Edited by Gerald J. Hine, Veterans Administra- 
tion, Washington, D. C.; and James A. Sorenson, 
Department of Radiology, University of Wisconsin 
Medical Center, Madison, Wisc. Cloth. Pp. 582, 
with some figures. Price, $39.50. Academic Press, 
Inc., 111 Fifth Avenue, New York, N. Y. 10003, 


1974. 


PRacriCAL NucLEAR Mepicin_e. Edited by Fuad S. 
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Ashkar, M.D., Assistant Professor of Radiology 
and Medicine, University of Miami School of 
Medicine; Director of Nuclear Metabolic Section, 
Division of Nuclear Medicine, Jackson Memorial 
Hospital, Miami, and Mount Sinai Medical Cen- 
ter, Miami Beach, Fla. Cloth. Pp. 218, with many 
illustrations. Price, $25.00. Medcom, Inc., 2 Ham- 
marskjéld Plaza, New York, N. Y. 10017, 1974. 
ANDBOOK FOR RADIOLOGIC TECHNOLOGISTS AND 
SpEciAL PRocEDpuREs Nurses iN RapioLocv. By 
Nieta Whitman Powell, R.N., Formerly, Clinical 
Instructor, Department of Medicine, Oklahoma 
University Health Sciences Center; Formerly, 
Supervisor, Institute for Cardiovascular Diseases, 
Good Samaritan Hospital, Phoenix, Ariz. Cloth. 
Pp. 105, with some figures. Price, $8.75. Charles C 
Thomas, Publisher, 301-327 East Lawrence Ave- 
nue, Springfield, Ill. 62717, 1974. 
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SOCIETY PROCEEDINGS 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


American Ro&NTGEN Ray Society 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga. i22. Ánnual Meeting: Hilton Hotel, San 
Francisco, Calif., September 24-27, 1974. 

American RADIUM SOCIETY 

Secretary, Richard H. Jesse, Dept. of Surgery, M. D. 

Anderson Hosp. and Tumor Institute, Houston, Tex. 
0o25. Annual Meeting: Americana Hotel, San Juan, 

uerto Rico, May 4-9, 1975. 

.RADIOLOGICAL SOCIETY or NORTH AMERICA 
Secretary, Dr. Hillier L. Baker, Jr., Mayo Clinic, Roches- 
ter, Minn. 55901. Annual Meeting: Palmer House, Chi- 
cago, Ill., Dec. 1-6, 1974. 

AMERICAN CoLLEGE or RADIOLOGY 

, Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago, Ill. 60606. Annual meeting: Portland. 
Hilton Hotel, Portland, Oregon, March 31-April 4, 1975. 

Section on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Antolin Raventos, Davis, Calif. Annual 
Meeting: Atlantic City, N. J., June 15-19, 1975. 

AMERICAN Boarn or RADIOLOGY 
Secretary, Dr. C. Allen Good. Correspondence should be 
directed to Kahler East, Rochester, Minn. 55901, 

Oral examinations will be held in the following city 
during this year: Los Angeles, Calif., Dec. 9-13, 1974, 
International Hotel. 

Written examinations are scheduled in 13 large cen- 
ters in June 1975. 

Applications must be received 3n the Board Office 
before Sept. 30 of the year preceding the one in which the 
candidate wishes to be examined. 

Deadline for filing. applications for any examination in 
1975 1s September 30, 1974. 

AMERICAN Board or Nuciear Menicing, Inc. A Conjoint 
Board of the American Boards of Internal Medicine, 
Pathology and Radiology and sponsored by the Society 
of Nuclear Medicine. 

The third examination is scheduled for Saturday, 
Sept. 21, 1974. Application forms and further informa- 
tion are available trom the American Board of Nuclear 
Medicine, 305 E. 45th St., New York, N. Y. 10017. The 
deadline for receipt of completed applications was June 1, 
I974. 

ÂMERICAN ASSOCIATION OF Pruvsicisrs In MEDICINE 
Secretary, Kenneth D. Williams, M.S., Dept. Radiol., 
Washington Hospital Center, 110 Irving St, N.W., 
Washington, D eai. Annual Meeting. 

AMERICAN SOCIETY oF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Robert W. Edland, 1836 South Ave., La 
Crosse, Wisc., 54601. Annual Meeting: Sonesta Beach 
Hotel, Key Biscayne, Fla., Oct. 30-Nov. 4, 1974. 

AMERICAN NuCLEAR SOCIETY 
Program Chairman, Werner K. Kern, IRD, Space 
Nuclear Systems, F 309, U. S. Atomic Energy Commis. 
sion, Washington, D.C. 20545. Winter Meeting: Wash- 
ington, D.C., Oct. 27-Nov. 1, 1974. 

AMERICAN [INSTITUTE or ULTRASOUND IN MEDICINE 
Secretary, John M. Reid, Ph.D., 556 18th Ave., Seattle, 
Wash. 98122. Annual Mecting. 

AMERICAN SOCIETY oF NEURORADIOLOSY 
Secretary, Dr. David O. Davis, Department of Radiology, 
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901 Twenty-third St., N.W., Washington, D. C. 20037. 
Annual Meeting. 

FOURTEENTH INTERNATIONAL CONGRESS OF RADIOLOGY 
Rio de Janeiro, Brazil in 1977. 

INTERNATIONAL SOCIETY OF RADIOLOGY 
Hon. Secretary-Treasurer, Prof. W. A, Fuchs, M.D., De- 

artment of Diagnostic Radiology, University Hospital, 
nselspital, CH-3010 Bern, Switzerland. 

ELEVENTH INTER-AMERICAN CoNGnRESS or RADIOLOGY 
Counselor for the United States, Dr. Juan A. del Regato, 
Univ. of South Florida, Tampa, Fla. 

Secretary of Congress, Dr. Alberto Mejia, Apartado Aéreo 
53737, Bogotá 2, Colombia, Meeting: Feb. 16-21, 1975. 

INTER-AMERICAN CoLLEGE oF RADIOLOGY 
President, Dr. Miguel Dao y Dao, Apartado Postal 
14213, Candelaria, Caracas, Venezuela, S.A 
Secretary of Congress: Dr. Alberto Mejia, Apartado 
Aereo 63737, Bogotá 2, Colombia, S.A. Meeting: Bogotá, 
Colombia, Feb. 16—21, 1975. 

THirD CONGRESS O7 THE 
RaDIoLoGy 
Secretary General, P.O. Box 14, 79 Lauriston Place, Edin- 
burgh BHI IDB, Scotland, Meeti ng: June 22-27, 1975. 

SECOND ASIAN AND OCEANIAN Conoress or RADIOLOGY 
Secretary, Dr. Buenaventura U. V. Angtuaco, Congress 
Secretariat Headquarters 2161 Taft Ave., Manila, Philip- 
pines. 

Meeting: Manila, Philippines, Nov. 10-14, 1975. 

ALABAMA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Lowry R, Young, Jr., 905 
Madison St, Huntsville, Ala. 3580r. Meets time and 
place of Alabama State Medical Association. 

ALASKA RADIOLOGICAL SocrgTY, CuaprER ACR 
Secrelary- Treasurer, Dr. Maurice J. Coyle, 3200 Provi- 
dence Ave., Anchorage, Alaska 99504. 

AMERICAN THERMOGRAPHIC SOCIETY 
Secretary- Treasurer, John Wallace, Ph.D., Dept. Radiol., 
Thomas Jefferson Univ. Hosp., Philadelphia, Pa. 19107. 
Annual Meeting. 

Arizona RapioLogicat Society, CHarrer or ACR 
Secretary, Dr. Robert J. Johnson, 1603 N. Tucson Blvd. 
Tucson 85716. Two regular meetings a year. Annual 
meeting at time and place of State Medical Association 
and interim meeting six months later. ` 

Ank-La-rex RADIOLOGICAL SOCIETY 
Secretary, Dr. Erich K. Lang, Confederate Memorial 
Medical Center, LSU School of Medicine, Shreveport, 
La. 71101. 

ARKANSAS CHAPTER or ACR 
Secretary-Treasurer, Dr. David H. Newbern, 4301 W. 
Markham, Little Rock, Ark. 72205. Meets twice annu- 
ally, the Spring Meeting being in conjunction with and 
at the place of the State Medical Association. 

AssociATION OF Unrvgnsrry RADIOLOGISTS 
Secretary- Treasurer, Dr. Mark M. Mishkin. The Gradu- 
ate Hosp., Univ. of Pennsylvania, Philadelphia, Pa. 
23rd Annual Meeting: San Diego, Calif, May 4-6, 
1975. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Marshall J. Cantanzaro, Dept. of 
Radiol., Northside Hosp., Atlanta, Ga. 30342. Meets on 
fourth Thursday evenings during the academic year at a 


UROPEAN ASSOCIATION OF 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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time announced in early September of each year, at the 
Academy of Medicine, Atlanta, Ga., at 8:00 P.M. 

BAVARIAN-AMERICAN RADIOLOGIC SOCIETY 
Secretary, Philip R. Shalen, Maj. MC, Departm. of the 
Army, Departm. of Radiology, US Army Genera! Hosp., 
Landstuhl, APO New York 09180. 

BLocKLEY RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joseph H. Rosen, West Park 
Hospital, 3905 Ford Rd., Philadelphia, Pa. 19131. 

BLUEGRASS RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Eugene Slusher, Lexington 
Clinic, 1221 S. Broadway, Lexington, Ky. 40504. The 
Society meets once each month during the school year. 

Bronx RADIOLOGICAL SOCIETY, New YORK STATE, CHAP- 
TER ACR 
Secretary-Treasurer, Dr. Leon J. Corbin, 1369 Rosendale 
Ave., Bronx, N. Y. 10472. Meets 4 times a year. 

BrooKLYN RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joshua A. Becker, Downstate 
Medical Clin., 450 Clarkson Ave., Brooklyn, N. Y. 11203. 
Meets first Thursday of each month, October through 
June. 

BurraLo RADIOLOGICAL SOCIETY 
Secretary, Dr. Albert A. Franco, 45 Alexander St., Lock- 
port, N. Y. 14094. Meets second Monday evening each 
month, October to May inclusive, at University Club. 

CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. James R. Eltringham, Stanford 
Medical Center, Stanford, Calif. 94304. Meets semian- 
nually in San Francisco and Los Angeles. 

CALIFORNIA RADIOLOGICAL SOCIETY, CALIFORNIA CHAPTER 
of ACR 
Secretary-Treasurer, Dr. John L. Gwinn, 4950 Sunset 
Blvd., Los Angeles, Calif. 90027. 

CarAwBA VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Joe Jacumin, P.O. Box 265, 
Rutherford College, N. C. 28671. Meets the last Thurs- 
day of every month, Holiday Inn, Morganton, N. C. at 
7:30 P.M. 

CENTRAL New YorK RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Alfred Brettner, Auburn Mem. 
Hosp., Auburn, N. Y. 13021. Meets first Monday each 
month October through May. 

CENTRAL Onio RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Daniel E. Lewis, Grant Hosp., 
Columbus, Ohio 43215. Meets second Thursday in 
October, November, January, and March 15, and May 
19 at Fort Hayes Hotel, Columbus, Ohio. 

CENTRAL TEXAS RADIOLOGY SOCIETY 
Secretary-Treasurer, Dr. John M. Stoebner, Scott and 
White Clinic, Temple, Tex. 76501. Meets the fourth 
Monday of each month at Ponderosa Hotel, Temple, 
Tex. at 7:00 P.M. 

Cuicaco RaproLtocicaL Society, Division OF THE 
ILLINors RADIOLOGICAL Socigrv, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Raymond L. Del Fava, 355 
Ridge Ave., Evanston, lll. 60202. Meets third Thursday 
of each month, October to April, except December, at the 
Bismark Hotel, Chicago, Ill. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Alvin Segel, 3395 Scranton Rd., 
Cleveland, Ohio 44109. Meetings at 7:00 P.M. on fourth 
Monday of October, November, January, February, 
March and fifth Monday of April. 

CoLonApo RADIOLOGICAL Society, CHAPTER OF ACR 
Secretary, Dr. Jerome D. Sutherland, 3705 E. Colfax 
Ave., Denver, Colo. 80206. Meets third Friday of each 
month at Denver Athletic Club from September through 
May. 

Connecticut VALLEY RADIOLOGIC SOCIETY 
Secretary, Dr. Gerald N. LaPierre, 759 Chestnut St., 
Springfield, Mass. 01107. Meets in April and October. 

DaLLas-Fognr WortH RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Richard C. Gasser, 1550 W. 
Rosedale, Rm. 100, Ft. Worth, Tex. 76104. Meets the 
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3rd Monday of every month at 6:30 P.M., at the Cibola 
[nn, Arlington, Tex. 

DELAWARE CHAPTER oF ACR 
Secretary, Dr. Seymour R. Kaplan, Kent Gen. Hosp., 
Dover, Del. 19901. 

East Bay RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George N. Weston, 1515 
Ygnacio Valley Rd., Walnut Creek, Calif. 94598. Meets ` 
first Thursday each month, Oct. through May, at Uni- 
versity Club, Oakland, Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George H. Wood, 205 Medical 
Arts Bldg., Knoxville, Tenn. 37992. Meets in January 
and September. 

FLoripA RADIOLOGICAL SOCIETY, CHAPTER OF ACR 
Secretary. Dr. Paul J. Popovich, 1350 S. Hickory St. 
Melbourne, Fla. 32901. Meets twice annually, in the 
spring with the annual State Society Meeting and in 
the fall. 

FionipA West Coast RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. James P. Ahearn, sor E. Buffalo 
Ave., Tampa, Fla. 35603. Meets on 4th Thursday of the 
months January, March, May, October, and November. 

GronGrA RADIOLOGICAL SOCIETY, CHAPTER OF ACR 
Secretary, Dr. E. P. Rasmussen, Piedmont Prof. Bldg., 3: 
Collier Rd., N.W., Atlanta, Ga. 30309. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

Greater Kansas City RADIOLOGICAL SOCIETY 
President-Secretary, Dr. Rodger W. Lambie, 701 E. 63rd 
St., Ste. 108, Kansas City, Mo. 64110. 

GREATER LOUISVILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

GREATER Miami RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert F. Conti, Holy Cross 
Hosp., Fort Lauderdale, Fla. 33308. Meets monthly, third 
Wednesday at 8:00 P.M. at various member hospitals, 
Miami, Fla. 

GREATER Sr. Louis Society or RADIOLOGISTS 
Secretary- Treasurer, Dr. Donald Callahan, Northland 
Med. Bldg., Jennings, Mo. 65156. 

Hawatt RADIOLOGICAL SOCIETY, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Robert L. May, Straub Clinic 
and Hosp., Honolulu, Hawaii 96813. Meets third Mon- 
Gay of each month at 7:30 P.M. 

Heattu Puysics SOCIETY 
Secretary, Russell F. Cowing, P.O. Box 156, E. Wey- 
mouth, Mass. 02189. Annual Meeting. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Neill B. Longley, 6436 Fannin, Suite 601, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at 6:00 
P.M., at 103 Jesse H. Jones Library Building, Texas 
Medical Center, Houston, Tex. 77025. . 

IDAHO STATE RADIOLOGICAL SOCIETY, CHAPTER OF ACR 
Secretary-Treasurer, Dr. John H. Truksa, 1605 Park Ave., 
Nampa, Id. 83651. Meets in the spring and fall. 

ILLINOIS RADIOLOGICAL SOCIETY, INC., CHAPTER OF ACR 
Secretary, Dr. Robert D. Dooley, Hinsdale Med. Cen- 
ter, Hinsdale, Ill. 60521. Meets in the spring and fall. 

IxpiaNA RoENTGEN Society, INC., CHAPTER OF ACR 
Secretary, Dr. John A. Knote, 716 Carrolton Blvd., 
West Lafayette, Ind. 47906. 

lowa RADIOLOGICAL SocIETY, CHAPTER OF ACR 
Secretary-Treasurer, Dr. John Huston, Jr., 1948 First 
Ave., N.E., Cedar Rapids, lowa 52402. Luncheon and 
business meeting during annual session of lowa State 
Medical Society. The scientific section is held in the 
autumn. 

Kansas RADIOLOGICAL SOCIETY, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Ralph H. Baehr, 310 Medical 
Arts Bldg., Topeka, Kan. 66604. Meets in spring with 
State Medical Society and in winter on call. 
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Kentucky CHAPTER or ACR 
Secretary-Treasurer, Dr. Bernard Sams, St. Joseph In- 
firmary, 735 Eastern Parkway, Louisvlle, Ky. 40217. 
Meets in April and September. 

Kines County RADIOLOGICAL SOCIETY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets: Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 p.m. 

KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month st the University of 
Tennessee Memorial Research Center and Hospital. 

Lone IstAND RaDroroaticAL Soctgrv 
Secretary, Dr. Bruce Saxe, 1200 Stewart Ave., Garden 
City, N. Y. 11533. Meets monthly. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Calvin Williams, Valley Presbyterian 
Hosp., 15107 Vanowen St, Van Nuys, Calif. g14os. 
Meets second Wednesday of month in September, No. 
vember, January, April and June at Los Angeles County 
Medical ‘Association Building, Los Angeles, Calif, Mid- 
winter Radiological Conference: Century Plaza Hotel, 
Los, Angeles, Calif, Jan. 31—Feb. 2, 1975. 

LovistaNA RaDroLooicAL Society, Cuarrer or ACR 
Secretary-Treasurer, Dr. Roger H. Tutton, 1514 Jeffer- 
son Hwy., New Orleans, La. 7or2r. 

Louistana-Texas Guir Coast RADIoLOGICAL Socirrtry 
Secretary-Treasurer, Dr. Edward A. Sheldon, 109 Doctors 
Bldg., Beaumont, Tex. 77701. 

MarNEÉ Raprotoarcat Socigrv, Carrer or ACR 
Secretary-Treasurer, Dr. Richard W. Taylor, Radiology 
Department, St. Mary’s General Hospital, Lewiston 
r 04240. Meets in June, September, December an 

pri 

MazvLAND RapioLocicaL Socrety, Caarrer or ACR 
Secretary, Dr. David S. O’Brien, Anne Arundel Hosp., 
Annapolis, Md. 21401. 

Massacnusstts RaApioLootcAL Sociery, Cuaprer or ACR 
Secretary, Dr. Joseph T. Ferrucci, fr., Massachusetts 
Gen. Hosp., Boston, Mass. 02114. 

Mempuis RogNTGEN Society 
Secretary-Treasurer, Dr. J C. Phillips, The Uni- 
versity of Tennessee College of Medicine, Department of 


Radiology, Walter C. Chandler oe 6 5 Jefferson Ave., 
Memphis, Tenn. 38103. Meets first fon ay Oct. through 
May at the University Club. 


Miami VaLLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Bert Must, I.B.M. Bldg., Dayton, Ohio. 
Meets third Thursday of fall, winter and spring months 
at 7:30 P.M. at Miami Valley Hospital, Dayton, Ohio. 

Micxuicam RaproLogIcAL Society, Caarrer or ACR 
Secretary-Treasurer, Dr. Francis P. Shea, Harper Hos. 

] pital, 3835 Brush St, Detroit, Mich. 48201. Meets 
mon! p first Thursday, October through May, at 
ı David Whitney House, 1010 Antietam, at 6:30 P.M. 

MicuiGAN Sociery or THERAPEUTIC RADIOLOGISTS 
Secretary-Treasurer, Dr. Delmar Mahrt, William Beau- 
mont Hosp., Detroit, Mich. 48072. Meets bi-monthly 
during the academic year. 

Mip-Hupson RapiorogicaL SocrgTY 
Secretary-Treasurer, Dr. William D. Stiehm, 37 Flower 
Hill Rd., Poughkeepsie, N. Y. 12603. Meets 7:00 P.M., 
first Wednesday of each month, September to May. 

MILWAUKEE Rogentogn Ray Society 
Secretary-Treasurer, Dr. Thomas C. Lipscomb, 1004 
North Tenth St., Milwaukee, Wis. $3233. Meets monthly 
2 BREED Monday, October through May, at University 

ub. 

MiNKEsOTA HADioLoatCcAL Socigrv, Cuarrer or ACR 
Secretary- Treasurer, Dr. Harlan W. Hawkinson, 6 Buf- 
falo Rd., St. Paul, Minn. ss110. Meets twice annually, 
fall and winter. : 
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MississiPPI Starz Raprotocicat Society, CHAPTER or 
ACR 


Seeretary-Treasurer, Dr. Edward L. Gieger, 969 Lake- 
land Dr., Jackson, Miss. 39216. Meets third Thursday, 
excluding summer months, at the Primos Northgate 
Rest., Jackson at 6:30 P.M. 

Missouni RapioLoaicaL Socrsry, CHAPTER or ACR 
Secretary-Treasurer, Dr, Ronald G. Evens, Mallinckrodt 
Institute of Radiology, sro S. Kingshighway, St. Louis, 
Mo. 63110. 

Montana RaproLogicAL Sociery, CuaPTER or ACR 
Secretary, Dr. C. H. Agnew, Room 102, Doctors Bldg., 
Billings, Mont. sgIol. 

Nesrasxa CuaPTER or ACR 
Secretary-Treasurer, Dr. Robert Bodmer, Suite 622 Doc- 
tors Bdg., Omaha, Neb. 68131. Meets the third Wednes- 
day of the month, Oct. through March, at the Clarkson 
ove Omaha, Neb. and the fourth Friday of April at 
the Lincoln Country Club, Lincoln, Neb. 

Nevapa RapioLogticAL Society, CuaPrER or ACR 
Secretary, Dr. Charles F. Veverka, Carson Tahoe Hosp., 
Carson City, Nev. 89701. 

New Euaraup RoEeNTGEN Ray SociETY 
Secretary, Dr. Melvin E. Clouse, 185 Pilgrim Rd., 
Boston, Mass. o211 $. Meets the third Friday of each 
month, October through April, excluding December, at 
The Longwood Towers, 20 Chapel Street, Brookline, 
Mass. at 3:00 p.m. Annual Meeting: May 16, 1975. 

New ENcLAND Society ror RADIATION ONCOLOGY 
Secretary, Dr. C. C. Wang, Mass. Gen. Hosp., Boston, 
Mass, O2114. 

Nee ae Roentoen Ray Socigrv, CHAPTER OF 
Secrelary-Treasurer, Dr. Edward P. Kane, Claremont 
Gen. Hosp., Claremont, N. H. 03743. Meets four to six 
times yearly. - | 

New Mexico Society or Rapro.ocists, CHAPTER or ACR 
Secretary, Dr. Carole R Simmons, Dept. of Radiol., Pres. 
byterian Hospital Center, oe N. M. 87106. 
Four meetings annually, three held in Albuquerque, 
N. M., and one held at time and place of New Mexico 
State Medical Society annual meeting. 

New Organs RADIOLOGICAL Society, Ine, 

" Secretary-Treasurer, Dr. Jimmy L. Mains, P.O. Box 446, 
Gretna, La. IOR: Meets bimonthly at local restaurants 
selected by the President. Spring Conference, 

New York ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Howard R. Gould, 153 West 
rith Street, New York, N. Y. 10011. Meets monthly on 
the 3rd Monday at the New York Academy of Medicine 
at 4:30 P.M. Ánnual Spring Conference, Waldorf-Astoria 
Hotel, New York, N. Y. Further information may be ob- 
tained from Dr. Albert A. Dunn, Roosevelt Hosp., New 
York, N. Y. root9. 

New York Stare CuarrER or ACR 
Secretary-Treasurer, Dr. Albert F. Keegan, 6 Secor Dr., 
Port Wash., N. Y. 11050. i 

NorTH AMERICAN Society oF Carpiac RADIOLOGY 
Secretary-Treasurer, Dr. Erik Carlson, Univ. Calif., 
San Francisco, Calif. 94143. 

Noxru CAROLINA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Ernest B. Spangler, Wesley Long 
Hosp., Greensboro, N. C. os Meets twice a year. The 
Spring Meeting is held at the time of the meeting of the 

orth Carolina Medical Society. The Fall Meeting is held 
in Novenber at the Mid Pines Club, Southern Pines, 
N.C. 


Norta DAxorA RanioLoorcaL Society, CuAPTER or ACR 
Secretary, Dr. Pablo Ramos, Box 1618, Bismarck, N. D. 
58501. Meets at time of State Medical Association meet- 
ing. Other meetings arranged on call of the President. 

Nortu Froripa RaDroLoGICAL SOCIETY _ 
Secretary, Dr. David F. Bew, University Hospital of 
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Jacksonville, 655 W. Eighth Street, P.O. Box 27:1, 
Jacksonville, Fla. 32203. Meets quarterly in March, 
June, September and December. 

NorTHEASTERN OKLAHOMA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Theodore J. Brickner, Jr , 5919 
S. Gary Place, Tulsa, Okla. 74110. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert C. Friedman, 325 Presidentia. Way, 
Guilderland, N. Y. 12085. Meets in Albany area om third 
eid of October, November, March, Aprl, and 

ay. 

NORTHERN CALIFORNIA RADIATION THERAPY ÁssOC ATION 
Secretary- Treasurer, Dr. James R. Eltringham, Stanford 
Medical Center, Stanford, Calif. 94304. Meets quarterly. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Mark D. Reiss, 5301 F Street, Sacramento, 
Calif. 95819. Meets on the fourth Monday of Sept.. Nov., 
bee March and May at the Mansion Inn, Sacramento, 

alif. 

NORTHWESTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Barbara E. Chick, Glens Falls Hespital, 
Glens Falls, N. Y. 12801. 

NORTHWESTERN OHIO RADIOLOGICAL SOCIETY 
Secretary, Dr. Doug Ki Cho, 2730 Navarre Ave., Oregon 
(Toledo), Ohio 43616. Meets 3rd Wednesday from Sep- 
tember to May. 

Onto State RapioLoGicaL Society, CHAPTER OF ACR 
Secretary, Dr. Tearle L. Meyer, 175 S. Merkle Rd., 
Columbus, Ohio 43215. 

7. m SrATE RADIOLOGICAL Society, CHAPTER OF 
A 
Secretary, Dr. George H. Ladd, 4616 Denison, Muskogee, 
Okla. 74401. Meets in January, May and October. 

Orance County RADIOLOGICAL Society 
Secretary, Dr. Marvin A. Rawitch, 600 E. Washington, 
Santa Ana, Calif. 92701. Meets on fourth Tuesday of the 
month, excluding June, July, August, and December, at 
eee County Medical Association Bldg., Crange, 

alif. 

Orecon Srare RapioLoGIcAaL Sociery, CHAPTER 07 ACR 
Secretary-Treasurer, Dr. Robert E. Craven, P.O. Box 
12542, Portland, Ore. 97212. Meets on second Wednesday 
of month, October through April, at the University Club, 
Portland, Ore. 

OnLEANs ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans, La. 70113. Meets second Tuesday ef each 
month. 

Paciric NortHweEst RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Betty J. Wood, Dept. of Fadiol., 
Vancouver General Hosp., Vancouver 9, B. C., Canada. 
Annual Meeting. 

PENNSYLVANIA RapioLocicaL Society, CHAPTER or ACR 
Secretary, Dr. Robert B. Funch, Germantown Hosp., 
Philadelphia, Pa. 19144. 

PHILADELPHIA ROENTGEN Ray SOCIETY 
Secretary, Dr. Howard M. Pollack, Department o^ Radi- 
ology, Episcopal Hospital, Philadelphia, Pa. 19125. 
Meets first Thursday of each month at 5 P.M., from Octo- 
ber to May in Thompson Hall, College of Physicans. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Klaus M. Bron, Presbyterian-Univ. Hosp., 
Pittsburgh 15213. Meets second Wednesday of month, 
September through May, at the Pittsburgh Athletic As- 
sociation, 

RADIATION RESEARCH SOCIETY 
Executive Secretary, Richard J. Burk, Jr., 4211 39th St., 
N.W., Washington, D. C. 20016. Annual Meeting. 

RADIOLOGICAL Society or Connecticut, INC., CHAPTER 
or ACR 
Secretary-Treasurer, Dr. Mehdi S. Eslami, 1389 W. Main 
St., Waterbury, Conn. 06708. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Alvin Nathan, c/o Academy of 
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Medicine, 320 Broadway, Cincinnati, Ohio 45202. Meets 
first Monday of each month at Cincinnati Academy of 
Medicine. 

RADIOLOGICAL Society oF New JERSEY, CHAPTER OF ACR 
Secretary, Dr. Sidney Ketyer, St. Elizabeth Hosp., 225 
Williamson St., Elizabeth, N. J. 07207. Meets in Atlantic 
City at time of State Medical Society meeting and in 
October or November in Newark, N. J. 

RaproLocicAL Society or RHope IsLanp, CHAPTER OF ACR 
Secretary- Treasurer, Dr. Daniel J. Alves, Rhode Island 
Hosp., Providence, R. I. 02902. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. Marshall Rowen, Dept. Radiol., 
St. Joseph Hosp., 1100 Stewart Dr., Orange, Calif. 
g2668. Meets three times a year, usually October, Febru- 
ary and May. 

RADIOLOGICAL SOCIETY OF THE STATE OF NEW YORK 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester, N. Y. 14618. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Carter, 121 Sotoyome St., 
Santa Rosa, Calif. 95405. Meets second Monday every 
other month. 

RicHmMonp County RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald P. King, 218 Gun Club Rd., Rich- 
mond, Va. 23221. Meets first Thursday of each month at 
various hospitals. 

RocuEsrER RoENTGEN Ray Society, Rocuester, N. Y. 
Secretary-Treasurer, Dr. Robert J. Bruneau, 1441 East 
Ave., Rochester, N. Y. 14610. Quarterly meetings on the 
call of the President, at the Rochester Academy of 
Medicine. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Lorenz R. Wurtzebach, 4200 E. 
Ninth Ave., Denver, Colo. 80220. Annual meeting: 
Brown Palace Hotel, Denver, Colo., Aug. 1975. 

San ANTONIO-CiviLIAN MiLrrARY RADIOLOGICAL SOCIETY 
Secretary, Dr. James R. Stewart, Oak Hills Medical Ctr., 
San Antonio, Tex. 78209. Meets third Wednesday of 
each month at Fort Sam Houston Officers Club at 
6:30 P.M. 

San Dieco RADIOLOGICAL SOCIETY 
President, Dr. Stanley G. Seat, 476 Prospect St., LaJolla, 
Calif. 92037. Meets the first Wednesday of each month at 
the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Charles A. Gooding, Univ. of 
Calif. Med. Ctr., San Francisco, Calif. 94122. 

SEcTION ON RapioLocv, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on RapioLocv, Mepicat Society or THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Albert M. Zelna, 21 Masters St., 
Potomac, Md. 208:4. Meets at Medical Society Library, 
third Wednesday of January, March, May and October" 
at 8:00 P.M. 

Section or RapioLtocy, NATIONAL MEDICAL ASSOCIATION 
Chairman, Dr. Roy G. Brooks, Dept. Radiol., Veterans 
Adm. Hosp., P.O. Box 511, Tuskogee, Ala. 36083. Annual 
Meeting. 

Section on RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Mario A. Calonje, 1514 Jefferson Highway, 
New Orleans, La. 70121. Annual Meeting. 

Section on RapioLocv, TExAs MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

Socrety FoR PEDiATRIC RADIOLOGY 
Secretary-Treasurer, Dr. John P. Dorst, 601 N. Broad- 
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way, Baltimore, Md. 21205. Annual meeting: Hilton 
Hotel, San Francisco, Calif., September 22-23, 1974. 

SOCIETY OF GASTROINTESTINAL RADIOLOGISTS 
Secretary-Treasurer, Dr. John R. Amberg, Vanderbilt 
University Hospital, Nashville, Tenn. 37232. 

Society or NucLtear MEDICINE 
Secretary, Dr. E. James Potchen, Edward Mallinckrodt 
Institute of Radiology, 660 S. Euclid Ave., St. Louis, 
Mo. 63110. Administrative Officer, Mrs. Margaret Glos, 
211 E. 43rd St., New York, N. Y. 10017. Annual Meeting. 

SoutH Bay RapioLocicAL Society 
Secretary, Dr. John H. Callaghan, Redwood Med. Clinic, 
2900 Whipple Ave., Redwood City, Calif. 94062. Meets 
the 2nd Monday of each month at the Santa Clara 
County Medical Association Bldg., 700 Empey Way, 
San Jose, Calif. 

SoutH CanoLiNA RaproLocicat Society, CHaprerR oF ACR 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SoutH Coasr RapioLocicAL Socigrv CHAPTER or ACR 
Secretary- Treasurer, Dr. Richard T. Love, Santa Bar- 
bara Med. Clin., 215 Pesetas Lane, Santa Barbara, 
Calif. 93110. Meets fourth Tuesday of alternate months, 
Sept., Nov., Jan., March and May. 

SovrH Dakora RADIOLOGICAL Society, CHAPTER or ACR 
Secretary, Dr. M. F. Petereit, 2416 S. Phillips, Sioux 
Falls, S. D. 57105. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN CALIFORNIA RADIATION THERAPY Society 
Secretary-Treasurer, Dr. Duane J. Gillum, 2:0 W. Pueblo 
St., Santa Barbara, Calif. 9310¢. Meets quarterly. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary- Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 7:44, Mobile, Ala. 36607. Annual 
Meeting: Grand Hotel, Point Clear, Ala., January 31- 
February 2, 1975. 

SOUTHWESTERN RaproLocicAL SocigTy 
Secretary, John M. McGuire, 904 Chelsea, El Paso, Tex. 
Meets last Monday of each month at 6:30 P.M. in the 
Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL Society, CHAPTER or ACR 
Secretary- Treasurer, Dr. Charles W. Kimsey, 111 White- 
hall Bldg., 960 E. Third St., Chattanooga, Tenn. 37403. 
Meets annually at the time and place of the Tennessee 
State Medical Association meeting. 

Texas State RADIOLOGICAL Society, CHAPTER or ACR 
Secretary, Dr. Francis E. O'Neill, 1128 Nix Prof. Bldg., 
San Antonio, Tex. 78205. 

THE FLEISCHNER SOCIETY 
President, Dr. Robert G. Fraser, 1555 Summerhill Ave., 
Montreal 109, P. Q., Canada. dd 

Tnr-SrATE Rapio.ocicat Society 

- Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 
Jan., March and May, 8:00 P.M., Elks Club in Evans- 
ville, Ind. 

Upper Peninsuta Raptotocicat Society 
SAI Dr. A. Gonty, Menominee, Mich. Meets quar- 
terly. 

Uran State RADIOLOGICAL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Thomas K. Orton, St. Mark’s 
Hosp., Salt Lake City, Utah 84117. Meets fourth 
Wednesday in January, March, May, September and 
November at Holy Cross Hospital. 

VERMONT RaDIOLOGICAL Society, CHAPTER oF ACR 
Secretary, Dr. J. Lorimer Holm, R.R. #3, Barre, Vt. 05641. 

VIRGINIA CHAPTER or ACR 
Secretary-Treasurer, Dr. Charles P. Winkler, 3:00 Ken- 
sington Ave., Suite 2-A, Richmond, Va. 21221; 

WasnuiNGrON, D. C., CHAPTER or ACR 
Secretary- Treasurer, Dr. Robert M. Allen, 9312 Convento 
Terr., Fairfax, Va. 22030. 
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WASHINGTON SrATE RADIOLOGICAL Society, CHAPTER OF 
ACR 
Secretary- Treasurer, Dr. John N. Roehr, 1011 Medical 
Dental Bldg., Seattle, Wash. 98101. 

West Vircinta RADIOLOGICAL Sociery, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Andrew W. Goodwin, II, 200 
Med. Arts Bldg., Charleston, W. Va. 25301. Meets con- 
currently with annual meeting of West Virginia State 
Medical Society, other meetings arranged by program 
committee. 

WeEsTCHESTER County RaDIOLoGIcAL Society 
Secretary, Dr. James O. Richardson, Jr., 280 Mamaronek 
Ave., White Plains, N. Y. 10605. Meets on second Tues- 
day of October, December, February and May. 

Wisconsin Rapio.oaicat Sociery, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Marvin L. Hinke, 630 S. Central 
Ave., Marshfield, Wis. 54449. Meets twice a year, May 
and September. 

Wisconsin Society OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Alvin Greenberg, Radiother. Ctr., Univ. 
Hospitals, Madison, Wisc. 53706. Meets quarterly. 

Wyominc RaprioLocicar Sociery, CHAPTER oF ACR 
Secretary, Dr. Ross J. Collie, Box 96, Lander, Wyo. 82520. 
Meets in fall with State Medical Society and in spring 
on call of President. 


Mexico, Puerto Rico AND CENTRAL AMERICA 


ASOCIACIÓN COSTARRICENSE DE RADIOLOGÍA 
Secretary, Dr. Rafael Umaña-Umaña, Apartado 8-5340, 
San José, Costa Rica. 

AsociACÓN DE RADIÓLOGOS DE CENTRO AMERICA Y 
Panamá. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panama 
Secretary-General, Dr. Francisco Miranbell Solis, Apar- 
tado 3352, San José, Costa Rica, Central America. Meets 
annually in a rotating manner in the six countries. 

ASOCIACIÓN PUERTORRIQUENA DE RADIOLOGÍA 
Secretary, Dr. R. B. Diaz Bonnet, Suite so4, Professional 
Bldg., Santurce, Puerto Rico. 

SociEDAD DE RADIOLOGÍA DE SALVADOR 
Secretary, Dr. Carlos Meijia, sa Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, g?. Calle A o-05, Zona 1 
Guatemala 

SociEDAD Mexicana DE RapioLocía, A.C. 

Coahuila No. 35, México 7, D.F., México. 
Secretary-General, Dr. Jorge Cano Coquí. Meets first 
Monday of each month. 

SocieDAD RapioLocica PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamá, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SociEDAD RapioLócicA DE Puerto Rico 
Secretary, Dr. Heriberto Pagán Sáez, Box 9387, Santurce, 
Puerto Rico. Meets second Thursday of each month at 
8:00 P.M. at the Puerto Rico Medical Association Bldg. 
in San Juan. 


BRITISH COMMONWEALTH oF NATIONS 


ASSOCIATION or RADIOLOGISTS or THE PROVINCE OF 
QUEBEC 
121 Boul. Taschereau, Greenfield Park, P. Q., Canada. 
Meets four times a year. 

BritisH Instirure or RapioLoGv 
Honorary Secretaries, D. H. Traspnell, M. Cohen, 32 
Welbeck St., London, W1M/7PG, England. 

CANADIAN Association or Puvsicisrs, Division or MED- 
ICAL AND Biorocicar Puysics 
Honorary Secretary-Treasurer, Dr. R. G. Baker, Ontario 
Cancer Foundation, Ottawa Civic Clinic, 1053 Carling 
Ave., Ottawa 3, Ont., Canada. 

CANADIAN AssOCIATION OF RADIOLOGISTS 
Honorary Secretary, Dr. Ross O. Hill, Suite 806, 1440 St. 
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Catherine St. West, Montreal 107, Que., Canada. Annual 
Meeting: Toronto, Ont., May 11-16, 1975. 

EpMoNTON AND DisrRicr RADIOLOGICAL SOCIETY 
Secretary, Dr. L. A. Koller, Suite 360, Professional Bldg., 
10830 Jasper Ave., Edmonton 15, Alberta, Canada. 
Meets third Thursday of each month October to May, 
except December, at various Edmonton Hospitals. 

FAcuLTY or RADIOLOGISTS 
Honorary Secretary, Robert Morrison, Lincoln's Inn 
Fields, London WC2A 3PN, England. 

MowNTnEAL RapnioLoGicAL Srupy CLUB 
Secretary, Dr. W. Paul Butt, Montreal General Hospital 
Montreal, Que., Canada. Meets first Tuesday evening, 
October to April. 

Section or RADIOLOGY OF THE Rovar Society or MEDI- 
CINE (ConFINED TO MEDICAL MEMBERS) 

Meets third Friday each month at 8:15 P.M. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1 
M8AE, 1 England. 

SociÉTÉ CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary-General, Dr. Hubert Sasseville, Verdun Hospi- 
tal, Montréal, P. Q., Canada. Meets every third Tuesday 
from October to April. 

Tug HosprrAr Puysicists’ ASSOCIATION 
Honorary Secretary, J. B. Massey, B.Sc., Christie Hosp. 
and Holt Radium Institute, Physics Department, Wi- 
thington, Manchester M20 9BX, England. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

Tur Rovar AUSTRALASIAN COLLEGE OF RADIOLOGISTS 
Honorary Secretary, Dr. T. P. Loneragan, 45 Macquarie 
St., Sydney, N.S.W. 2000, Australia. 


SOUTH AMERICA 


CoLÉGIo BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Lauro de Abreu Coutinho, Caixa 
Postal 5984, São Paulo, Brazil. 

FEDERACIÓN ARGENTINA DE SOCIEDADES DE RADIOLOGÍA 
Branches of the Federation are: Sociedad de Radidlogos 
de la Provincia de Cérdoba; Sociedad Argentina de Ra- 
diologia; Asociacién Argentina de Radiologia; Sociedad 
de Radiologia, Radioterapéutica y Medicina Nuclear de 
Rosario; Sociedad de Radiologia y Medicina Nuclear del 
Centro y Sudeste de la Provincia de Buenos Aires (Mar 
del Plata); Sociedad Saltefia de Radiologia y Medicina 
Nuclear; Sociedad de Radiologia de Tucuman; Sociedad 
de Radiologia del Nordeste Argentino; Sociedad de Ra- 
a de La Plata; and Sociedad de Radiologia de San 

uan. 
Secretary-General-Treasurer, Dr. Roberto Habichayn, Av. 
Colén 637, Cérdoba, Argentina. 
Congress will be organized by Sociedad de Radiologia, 
Radioterapéutica y Medicina Nuclear de Rosario in 1975. 

SOCIEDAD ARGENTINA DE RADIOLOGÍA 
Secretary-General, Dr. Tomás J. Gutiérrez F, Santa Fé 
1171, Buenos Aires, Argentina. Meets first Wednesday 
evening, April through December. 

SociEDAD BoLivIANA DE RADIOLOGÍA 
Secretary, Dr. Javier Prada Méndez, Casilla 1182, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Caixa Postal 
1532, Rio de Janeiro, Brazil. General Assembly meets 
every two years in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at g:0o P.M. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SocCIEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. Manuel Neira, Casilla 13426, Santiago, 
Chile. Meets first Friday of each month at Av. Santa 
Maria 1810 at 7:00 P.M. 
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SoctEDAD COLOMBIANA DE RADIOLOGIA 
Secretary-General, Dr. Gustavo Sanchez Sanchez, Bogota, 
Colombia. Meets last Thursday of each month. 

SOCIEDAD ECUATORIANA DE RADIOLOGÍA 
Secretary, Dr. Luis Blum, Casilla 3712, Guayaquil, Ecua- 
dor. 

SocIEDAD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Hugo Volpe Rios, 15 de Agosto 322, 
Asunción, Paraguay. 

SoCIEDAD PERUANA DE RADIOLOGIA 
Secretary-General, Dra. Ladis Delpino, Av. General 
Santa Cruz No. 315, Miraflores, Lima, Perú, Casilla 
Correo, 2306, Lima, Perú. Meets monthly except during 
January, February, and March. 

SocCIEDAD DE RADIOLOGÍA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiología. 

SoclEDAD DE RADIOLOGÍA DEL NORDESTE ARGENTINO 
Secretary-General, Dr. Francisco J. Velar, Catamarca 561, 
Corrientes, Argentina. 

SoclEDAD DE RaprioLocíA DE LA PLATA 
Secretary, Dr. Hiram D. Haurigot, Calle 50 No. 374, La 
Plata, Argentina. 

SocIEDAD DE RADIOLOGÍA, 
MÉDICA DEL URUGUAY 
Secretary-General, Dr. Manuel Gonzáles Maseda, Av. 
Agraciada 1464, piso 13, Montevideo, Uruguay. 

SocIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SoclEDAD DE RoEeNTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CORDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Grl. 
Paz. 151, Córdoba, Argentina. 

SocrEpAD DE RADIOLOGÍA, RADIOTERAPEUTICA Y MEDICINA 
NUCLEAR, DE Rosario 
Secretary-General, Dr. Federico Fragola, Santa Fe 1798, 
Rosario, Argentina. 

SociEDAD SALTENA DE RapioLocía v MEDICINA NUCLEAR 
Treasurer, Dr. Julio Luis Baldi, Av. Sarmiento 536, Salta, 
Argentina. 

SoclEDAD VENEZOLANA DE RapioLocía y Mepicina Nu- 
CLEAR 
Secretary-General, Dr. Salvador Itriago Borgas, Apartado 
Postal 9213, Candelaria, Caracas, Venezuela. Meets 
monthly, third Friday at Colegio Médico del Distrito 
Federal, Caracas. 


CoNTINENTAL EUROPE 


ÖSTERREICHISCHE RONTGEN-GESELLSCHAFT 
Secretary, Dr. Ernst Kotcher, Wiener Allgemeine Poli- 
klinik Mariannengasse 10, A-1090 Wien, Austria. Meets 
second Tuesday of each month in Allgemeine Poliklinik. 

SociETE RoyaLe BELGE DE RADIOLOGIE 
General Secretary, Dr. Joseph Baeyens, Alost, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

Soci£Éré EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Secretary, Dr. J. Corbaton, Clinica Infantil “La Paz,” 
Av. Generalissimo, 117 Madrid 34, Spain. Annual 
Meeting: Madrid, Apr. 24-26, 1975. 

Permanent Secretary, Clément Fauré, Hôpital des Enfants 
Malades, 149, rue de Sèvres, 75 730, Paris Cadet 15, France. 

SociÉrÉ FRANÇAISE DE RADIOLOGIE MÉDICALE, MÉDECINE 
NUCLÉAIRE ET ÉLEcTROLOGIE, and its branches: Soci- 
ÉTÉ pu SUD-OUEST, pu LITTORAL MÉDITERRANÉEN, DU 
CENTRE ET Lyonnais, DU Nonp, DE L’OUEST,,DE L’Esrt, 
pu Massir CENTRAL, DOUTRE-MER ET D ETRANGER. 
Parent Society meets third Monday of each month, ex- 
cept during July, August and September, rue de Seine 
12, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 
75008, France. 


CANCEROLOGIA Y  FísiCA 
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SoclETE FRANCAISE DE NEURORADIOLOGIE 
Secretary-General, Professeur agr. R. Djindjian 16, rue 
de l'Université 75, Paris 7°, France. Annual meeting. 

CEsKOSLOVENSKA RaDIOLoGIcKA SPOLEČNOST 
Secretary, Associate Professor Jaromir Kolář, M.D., 
Sc.D., Radiological Clinic, Praha 2, U nemocnice 2, 
Czechoslovakia. Meets monthly except during July, 
August and September. Annual general meeting. 

DEUTSCHE RONTGENGESELLSCHAFT 
President, Professor Dr. med. Walter Frommhold, Di- 
rector of Medizinisches Strahleninstitut der Universitit 
Tübingen, Róntgenweg 11, 7400 Tübingen, Germany. 

Facutty or RapioLoaisrs or THE Rovar COLLEGE OF 
SuRGEONS IN IRELAND 
Honor. Secretary, Max. J. Ryan, St. Stephen’s Green, 
Dublin 2. Annual Meeting, Oct. 25 and 26, 1974. 

SociETÀ lrALiANA pi Raprotocia Mepica E MEDICINA 
NUCLEARE 
Administrative Secretary, Prof. E. Conte, Ospedale 
Mauriziano, 10128 Torino, Italy. Meets annually. 

SociETAs RaproLocica Danica 
Secretary, Dr. Bent Langenfeldt, Tretommervej 20a, DK. 
8240 Risskov, Denmark. 

NEDERLANDSE VERENIGING voon RADIOLOGIE 
Secretary, Dr. J. D. Mulder, Dept. of Rad., Akademisch 
Ziekenhuis, Leiden, Netherlands. 

SCANDINAVIAN RapnioLocicAL Society 
Secretary-General, Professor C. F. Unnérus, M.D., Haga- 
lung-Tapiola, Havsvindsvagn 5 C., Finland. Annual 
Meeting. 

SocieDAD EspaNota pe RapioLocía v ExLecrro.ocia 
MeEpicas v pe MEDICINA NUCLEAR 
Secretary, Dr. José Bonmatí, Villanueva, 11, Madrid 1, 
España. Meets every second Friday of each month, Oct. 
to June, inclusive, in Madrid. 

SOCIEDADE PorruGuesa pe RapioLoGiA E MEDICINA 
NUCLEAR 
Secretary-General, Dr. Luís Aires de Sousa, Av. Elias 
Garcia, 123- 1, Esg.-Lisboa i-Portugal. 

SCHWEIZERISCHE VEREINIGUNG FÜR RaprioLociE, Nvu- 
KLEARMEDIZIN UND STRAHLENBIOLOGIE (ASSOCIATION 
SuissE DE RADIOLOGIE, MÉDECINE NUCLÉAIRE ET DE 
RADIOBIOLOGIE) 
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Secretary, Dr. med. Gustav Schoch, Bethesdaspital, Gel- 
lerstrasse 144, 4000 Basel, Switzerland. 


ASIA 


InpIAN RADIOLOGICAL ASSOCIATION 
Honor. Gen. Secretary, Dr. S. P. Aggarwal, 10-B Kasturba 
Ghandi Marg, New Delhi iioooi. 28th Indian Congress of 
Radiology will be held in Hyderabad in 1975. 

INDONESIAN RADIOLOGICAL SOCIETY 
Secretary, Dr. Gani Iljas Sasmitaatmadja, Radiology 
Dep., Faculty of Medicine, University of Indonesia, 
Salemba 6, Jakarta, Indonesia. 

Iranian RADIOLOGICAL SOCIETY 
Secretary, Dr. Majid Rooholamini, P.O. Box No. 14-1151, 
Teheran, Iran. The Society meets on the second Satur- 
day of each month. sth Iranian Congress of Radiology, 
Apr. 12-17, 1975. Deadline for acceptance of papers, Jan. 
20, 1975. 

IsrAEL RADIOLOGICAL SOCIETY 
Secretary, Dr. M. A. Lerner, Hesharon Hosp., Petah- 
Tigva, Israel. Nineteenth National Radiology Congress: 
Tel-Aviv, Israel, Nov. 6-8, 1974. 

PHILIPPINE COLLEGE OF RADIOLOGY 
Secretary- Treasurer, Dr. Eduardo V. Nievera, Box 1284 
Commercial Center, Makati, Rizal D-708, Philippines. 
Meets every second Thursday of the month. 

RADIOLOGICAL SOCIETY or THAILAND 
Secretary, Prof. Rojana Suvansuthi, M.D., Ph.D., 
Depart. of Rad., Sirizaj Hospital, Faculty of Medicine, 
Mahidol University, Bangkok 7, Thailand. 


AFRICA 


ASSOCIATION OF RapIOLocists oF West AFRICA 
Honorary Secretary, C. A. Beetlestone, M.B., BS. 
D.M.R.D., Dept. Radiol, University College Hosp., 
Ibadan, Nigeria. 

RADIOLOGICAL SOCIETY or SOUTH AFRICA 
Secretary, Dr. B. Rosenberg, P.O. Box 3200, Johannes- 
burg, South Africa. 

SOUTH AFRICAN INTERNATIONAL RADIOLOGICAL CONGRESS 
Director, Dr. Paul Sneider, P.O. Box 4878, Johannesburg, 
South Africa. 
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ROENTGEN DIAGNOSIS 
NECK AND CHEST 


Ocakwu, M., and Nwoxo to, C. Radiological 
findings in pulmonary paragonimiasis as 
seen in Nigeria: a review based on one hun- 
dred cases. Brit. J. Radiol., Sept., 1973, 46, 
699-705. (From: Department of Radiology, 
Specialist Hospital, and Department of 
Medicine, University of Nigeria, Enugu 
Campus, Enugu, Nigeria.) 


Paragonimiasis in humans usually involves the 
lungs, and is the result of eating improperly cooked, 
infested, crustaceans. Pulmonary abscess cavities or 
foreign body granulomata result from the presence 
of the ova, and the ova occasionally evoke a non- 
specific inflammatory reaction. The adult worms, 
about 5X5 and 12 mm. in size, occasionally encyst 
in the nervous system, muscles, and abdominal 
viscera. The ova are passed in the sputum or feces, 
develop in certain snails, then pass in another form 
to crabs and crayfish which carry the disease to man, 
as well as to dogs, cats, and in Asia, tigers and 
mongooses. 

Clinically the infested patient may look healthy, 
is usually young, and complains of hemoptysis Epi- 
lepsy or hemiplegia may announce nervous system 
involvement. Pulmonary complications include em- 
pyema; abscesses in the abdominal viscera or in 
muscle may occur. Specific chemotherapy is usually 
successful. Paragonimiasis exists in Asia, South 
America, and Africa, and is endemic in Cameroun 
and Nigeria. 

One hundred patients, whose sputum contained 
the ova of Paragonimus and did not contain tubercle 
bacilli, were subjected to chest examination. Of 
these, 21 presented no abnormality in the film 
studies. Among the rest, the pulmonary densities 
were nonspecific, occurred in any portion of the 
lung, and were usually quite inconspicuous. One- 
third exhibited poorly defined ‘‘cottonwool shadows" 
and occasionally these were accompanied by linear 
densities, as they cleared. Some of the conglomerate 
densities excavated, producing thin walled cystic 
structures, resembling bubbles. One to 4 cysts de- 
veloped in a given conglomerate mass, and each of 
the cysts was usually between 4 to 20 mm. in diam- 
eter. Various types of densities may develop at the 
same time in I patient. Although none of these 
lesions is entirely characteristic, the presence of in- 
conspicuous, streaky or homogeneous densities, with 
development of bubble-like cavities, in the presence 
of rusty or chocolate sputum in a patient in an 
endemic region permits the diagnosis to be made 
with confidence. 

Differentiation from tuberculosis can be suggested 
from the roentgenogram. Paragonimiasis usually in- 
volves the midregion of the lung, as opposed to 
tuberculosis in the apices. Paragonimiasis much 
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more frequently is confined to 1 lung. The cavities in 
paragonimiasis are thin walled, multiple, and con- 
tain no fluid. Finally, the lesions change much more 
rapidly in paragonimiasis. Complete clearing may 
occur in 2 or 3 months, after institution of specific 


treatment.—E. Frederick Lang, M.D. 


DE COSTER, A., SERGYSELS, R. DEGAUTE, 
J. P., Jaspar, Na and ENGLERT, M. Le con- 
cept du poumon de choc. (Concept of shock 
lung.) Lille méd., April, 1974, 79, 424-430. 
(Address: Dr. A. de Coster, Département de 
Pneumologie, Hópital Universitaire. Saint- 
Pierre, 322, rue Haute, 1000 Bruxelles, Bel- 
gium.) 


As advances in the treatment of shock in Shock 
Centers have improved the immediate outlook in 
affected patients, longer term consequences have 
become more frequent. In particular, the entity of 
"shock lung" (SL) has emerged. 

Eleven patients, mostly without prior lung dis- 
ease, developed the SL pattern clinically. Shock was 
hypovolemic, toxi-infectious, or both. In 9 patients 
disseminated intravascular coagulopathy was associ- 
ated. Interestingly, only the youngest patient, 22 
years old, and the 2 patients over 65 did not survive 
SL—a good result for the ominous condition. 

There are 3 phases to SL: (1) shock, responding to 
standard measures, especially giving fluids of high 
osmotic gradient; (2) transient Improvement, up to 
48 hours, followed by hypoxia and hyperventila- 
tion; and (3) deterioration, with polypnea, cyanosis, 
and severe hypoxia refractory to increasing oxygen 
artificial ventilation. During this third phase the 
roentgenogram rapidly develops an increasingly con- 
fluent bronchopneumonia pattern, up to total lung 
opacification except for air bronchogram. If the 
patient survives, this roentgenographic pattern 
clears. 

Two of the 8 survivors in this report were treated 
during SL with positive end expiratory pressure 
(PEEP) ventilation, with remarkable increase (im- 
provement) in the arterial oxygen partial pressure. 
Follow-up on 5 survivors revealed moderate dyspnea 
on exertion, and a diffusion capacity no more than 
70 per cent of normal. 

In terms of pathophysiology, SL results from an 
alteration. of capillary endothelium permeability, 
yielding a. protein-rich interstitial edema, including 
fibrinogen degradation products. As a consequence, 
there is a change in alveolar cells, especially Type II 
(surfactant producing pneumocytes). Surfactant 
loss causes alveolar atelectasis, which may explain the 
eficiency of PEEP in countering SL. Otherwise, the 
use of intensive oxygen causes extensive interstitial 
fibrosis. 

This same pathophysiologic pattern develops re- 
gardless of the reason for the permeability change, 
whether SL, “pump lung,” “wet lung," or multiple 
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fat embolism. However, the syndrome is clearly not 
the same as usual cardiogenic pulmonary edema, in 
which there is transudation of liquid, and in which 
conventional intermittent positive pressure is effec- 


tive.—Alan E Oestreich, M.D. 


Turiar, J., Batresti, J. P., and LEHNER, 
J. P. La sarcoidose de l'enfant. (Sarcoidosis 
in childhood.) Presse méd., May, 1974, 27, 
1351-1354. (Address: Pr. J. Turiaf, Chaire de 
Pathologie respiratoire, Hópital Bichat, 170 
bd Ney, F 75877 Paris Cedex 18, France.) 


Since many of the cases of sarcoidosis that are 
known in childhood are discovered only incidentally 
on routine chest roentgenography, the reported inci- 
dence may well be an underestimate. Only 3 per cent 
of the cases of sarcoid encountered in 18 years by 
the authors were children; 11 of these 14 patients 
were found on routine screening. The ages were 9-15 
years Two patients presented with parotid swelling 
and 1 with hemoptysis. 

On the chest roentgenogram, all 14 had large bi- 
lateral mediastinal lymph nodes, and 10 had reticulo- 
nodular pulmonary infiltrates. Clinically, 10 had 
peripheral lymphadenopathy; 2, cutaneous lesions; 
and 2, splenomegaly. Skin test for tuberculosis was 
negative in all 14, despite previous BCG or tubercu- 
losis in several. Four of g had hyperglobulinemia; 
1 of 10 had hypercalcuria and none had hypercal- 
cemia. Kveim test was positive in 8 of 9 cases. 

Steroids were considered necessary in 7 children. 
Of these, 3 relapsed, including 1 child progressing 
rapidly to pulmonary fibrosis. These 3 children were 
among the 6 affected children of biracial Caribbean 
origin. 

The subject of sarcoidosis should possibly be a 
consideration of routine roentgenography 1n school- 


children.—A/an E. Oestreich, M.D. 


Caron, J., L’Hoste, Pu., Dauver, A., and 
Caron-Poirreau, C. Les anéurysmes ar- 
tério-veineux pulmonaires. (Pulmonary ar- 
teriovenous aneurysms). J. de radiol., d'élec- 
trol. et de méd. nucléaire, April, 1974, 55, 309- 
316. (Address: Pr. J. Caron, Service d'Elec- 
troradiologie B, C.H.U., F 49000 Angers, 
France.) 


Although arteriovenous aneurysms (AVA) of the 
lesser circulation have been rare, more cases are 
being recognized as roentgen investigation has 
become more sophisticated. Most examples appear 
to be congenital. Perhaps half of the patients affected 
have Osler-Rendu-Weber disease. Symptomatic pa- 
tients show exertional dyspnea and cyanosis, often 
during childhood. Polycythemia and reduced arterial 
oxygen pressure may be present. When AVA is 
identified or suspected in the lungs, pulmonary 
angiography should be done. 
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There are four case presentations. 


1. Ina 35 year old asymptomatic woman 2 left lower 
lung AVAs were noted on routine chest roentgeno- 
gram. Tomograms and angiograms confirmed 
AVA. Hematocrit was 57 per cent. Successful 
surgical removal without sequelae. 

. A £9 year old man, with left ventricular failure, 
probably secondary to systemic hypertension had 
2 AVAs on the chest roentgenogram and angio- 
grams. Hematocrit was 65 per cent. Surgery not 
considered feasible. 

3. Ir a 46 year old man, with marked right lung sac- 
cular bronchiectasis, a right hilar density was 
shown via pulmonary angiography to be an AVA 
fed by a relatively small right pulmonary artery, 
with no supply from the large right bronchiolar 
artery. Surgery advised, but refused. 

4. A 13 year old boy with cyanosis, dyspnea on 
exertion, clubbing, and repeated pulmonary infec- 
tions, had a systolic murmur. Hematocrit was 60 
per cent. Arterial oxygen pressure was 40 mm. 
Hg. On chest roentgenography the cardiovascular 
silhouette was normal; catheterization showed no 
intracardiac shunt. A bilateral reticulonodular in- 
filtrate on a plain roentgenogram was found to 
represent disseminated AVAs throughout both 
lungs, much too numerous to be resected. 


D 


-— 


None of these 4 patients showed non-pulmonary 
manifestations to suggest Osler-Rendu-Weber dis- 
ease. 

Whenever feasible, elective surgery to remove 


AV As is recommended.—A/an E. Oestreich, M.D. 


Wzsrcorr, Jack L., and Cote, Soron R. Inter- 
stitial pulmonary emphysema in children 
and adults: roentgenographic features. Radit- 
ology, May, 1974, 777, 367-378. (From: The 
Departments of Radiology and Pathology, 
Hartford Hospital, Hartford, Conn.) 


Interstitial pulmonary emphysema (IPE) as a 
cause of pneumomediastinum and pneumothorax 
has been widely recognized ever since the classic 
experimental and clinical observations of Macklin in 
1939. Although IPE is common beyond infancy, 
there have been very few reports describing the 
roentgenographic features in adults and older chil- 
dren. The authors report the roentgenographic and 
pathologic features in 12 patients with autopsy- 
proven IPE. 

IPE may occur when the pressure or relative dis- 
tention of the alveoli exceeds that in the adjacent 
vascular bed and perivascular connective tissue. The 
rupture occurs in the walls of the alveoli situated im- 
mediately adjacent to the pulmonary vessels and 
interlobular septa. The air dissects along the peri- 
vascular sheaths and septa centrally to the lung hilus 
and peripherally toward the pleura. Continued dis- 
section may produce subpleural air cyst formation, 
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pneumomediastinum, pneumothorax, and spread of 
air into the neck, chest wall, and connective tissue 
planes of the abdomen. A wide variety of clinical and 
physiologic events can precipitate IPE. A partial 
listing includes atelectasis, pneumonia, coughing, 
straining, chest trauma, forceful inhalation during 
anesthesia or resuscitation, positive pressure breath- 
ing, hyaline membrane disease, decompression from 
depths, and various air block syndromes, such as 
bronchiolitis, asthma, and bronchial plug or foreign 
body. Pathologically IPE is characterized by the 
presence of clefts, bubbles, and cystic air spaces in 
the interstitial connective tissue. 

In many, and probably most cases, IPE is not 
extensive, is quickly reabsorbed, and is probably of 
no pathologic significance. However, when it becomes 
extensive, IPE and pneumomediastinum may com- 
press and displace the heart, great veins, and pulmo- 
nary vessels. Cardiac output may be diminished, 
and dyspnea, cyanosis, and pulmonary edema may 
occur. 

IPE is often difficult or impossible to see roent- 
genographically against a background of normal 
aerated lung, but may become visible in adults in 
those conditions in which the lungs become radio- 
paque. The direct signs of IPE are subpleural air 
cysts and direct visualization of the interstitial air 
collections, including visualization of perivascular air. 

IPE characteristically changes rapidly. [n some 
patients, it diminished or disappeared completely 
within 1 to 2 days. In others, it became more exten- 
sive and often progressed to subpleural air cyst for- 
mation, pneumomediastinum, or pneumothorax. If 
interstitial air collections and subpleural air cysts 
become secondarily infected, they will persist with 
very little change for days or even weeks. 

Once IPE is recognized, the patient should be 
watched even more closely for the development of 
untoward sequelae such as cardiovascular embar- 
rassment, pneumothorax, and secondary infection. 
Recognition of IPE helps to identify one of the con- 
fusing and changing patterns seen in a complicated 
group of patients with “shock lung” syndrome, and 
diffuse pneumonias, edema, or hemorrhage. It often 
explains the apparent paradox of roentgenographic 
"improvement" coinciding with clinical deterioration 
which occurs in some patients. Extensive IPE may 
make the lung appear better aerated, but interstitial 
air causes further impairment of the lung. 

The authors conclude that IPE is not rare. Local- 
ized areas of IPE are common and are roentgeno- 
graphically visible at some time in many patients re- 
ceiving positive pressure breathing and in those who 
develop pneumomediastinum from other causes. Itis 
especially common in patients in whom “adult respi- 
ratory distress" or "shock lung" syndrome develops. 


—E. F. Schoolar, M.D. 


FENNEssv, JOHN J., Lv, CHiEN-TAI, VaARIAKO- 
jis, Daina, Srraus, Francis H., and 
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Bisso, Martuce. Transcatheter biopsy in 

the diagnosis of diseases of the respiratory 

tract: an evaluation of seven years' experi- 
ence with 693 patients. Radiology, March, 

1974, 770, 555-561. (Address: John J. Fen- 

nessy, M.B., Department of Radiology, The 

University of Chicago Hospitals, gso East 

sgth Street, Chicago, Ill. 60637.) 

Seven years' experience with 693 patients is pre- 
sented by the authors. The technique and indica- 
tions for endobronchial brush biopsies are reviewed. 

In brief, the indications are: 


— 


. Pulmonary lesion of suspected malignancy beyond 
the reach of the bronchoscopist 

Slowly or nonresolving pneumonia 

Nonspecific infiltrate in a patient in an immune- 
deficiency state. 


C3 9 


Contraindications for endobronchial transcatheter 
biopsy according to the authors are: 


1. Absolute contraindications 
A. Recent severe hemoptysis 
B. Suspected vascular lesion 
2. Relative contraindications 
A. Thrombocytopenia or other bleeding diathesis 
B. Severe dyspnea at rest. 


The results of this series can be summed up by the 
authors’ statement of “the combined accuracy of 
cytology and histopathology in diagnosing primary 
pulmonary neoplasm was 76 per cent." The authors 
indicate that the use of the steel bristle brush and 
the small forceps enables them to obtain sufficient 
tissue for histopathologic examination. The tech. 
nique of brushing has been of little use in bacterio- 
logic diagnosis and establishment of organisms in 
routine pneumonias. The results have been reward- 
ing, however, in the diagnosis of opportunistic 
agents in immune-deficiency situations It is of note 
that of the neoplastic states evaluated, metastatic 
lesions were diagnosed least often, as a positive 
brushing was obtained in only $3 per cent or in 16 
out of 30 such cases. 

An extensive bibliography is available for those 
interested in considering the technique or in refresh- 
ing one's information.— 7. P. Eberts, M.D. 


SCHOENBAUM, STEPHEN W., KOERNER, SPEN- 
CER K., RAMAKRISHNA, BvRANNA, and Gorp- 
MAN, Martin L. Transbronchial biopsy of 
peripheral lesions with fluoroscopic guidance: 
use of the fiberoptic bronchoscope. F. Canad. 
4. Radiologists, March, 1974, 25, 39-43. 
(Address: Stephen W. Schoenbaum, M.D., 
Department of Radiology, Albert Einstein 
College of Medicine, Montefiore Hospital 
and Medical Center, Bronx, N. T.) 


Histologic diagnosis of peripheral pulmonary le- 
sions has been attempted by means of obtaining tis- 
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sue through a needle, by bronchial brushing, and by 
examination of sputum cytology. None of these 
methods is entirely satisfactory. A small biopsy for- 
ceps has been devised which will pass throagh a 
fiberoptic bronchoscope. The location of the jaws of 
the forceps can be monitored by fluoroscopy if the 
lesion is not visible through the bronchoscope, and 
thus material for examination can be obtained 
directly. 

This procedure was carried out in 18 patients in 
whom bronchial brushing and bronchial washing 
were also used. The transbronchial biopsy m:terial 
was more satisfactory for diagnostic studies, and 
gave a more consistently accurate picture of the pro- 
cess in question, than either of the other 2 methods. 
Of the 18 patients, ro had primary bronchial carci- 
nomas, and 8 were accurately classified. In the other 
2 patients, the lesion was close to the pleural sur- 
face, where use of the forceps is less safe, and ma- 
terial near the lesion was obtained. Two patients had 
metastatic carcinoma in the lung, and both were 
accurately classified. Four patients had inflammatory 
disease, and this was properly diagnosed by biopsy in 
all 4. Two others were classified as having inflam- 
matory lesions, and while this is consistent with the 
clinical picture, the true state has not been deter- 
mined, and neoplasm has not been conclusive y ex- 
cluded, as yet. 

There was no complication to the procedure. An 
addendum indicates that this study has been carried 
out 350 times in 160 patients, again with no indica- 
tion of a complication, such as pneumothorax or sig- 
nificant bleeding. Some of the patients experrenced 
hemoptysis, less than 10 ml., but this was less in 
amount and less frequently encountered than after 
bronchial brushing. 

One disadvantage of the method is the radiation 
exposure to the patient and operator. Usually the 
fluoroscopic time is less than 5 minutes, but n the 
presence of a lesion near the pleura, it may reach 
IO minutes. 

The examination is relatively painless, safc, and 
can be performed on an out patient basis.— £F. 


Frederick Lang, M.D. 


KEILER, A., STAFFEN, A., and Svn£, G. Zur 
Problematik der isolierten tumorfOrmigen 
Amyloidose der Lunge. (Problems in iso- 
lated tumor-like amyloidosis of the lung.) 
Thoraxchirurgie, Vaskulare Chir., April, 1974, 
22, 86-93. (Address: Dr. A. Keiler, I] Chir- 
urgische Universitatsklinik, Spitalgass2 23, 
A-1ogo Wien, Austria.) 


Amyloid was first recognized by Rokitansky in 
1842, and was characterized in 1854 by Virchow, 
whose method for gross identification is still m use. 
Amyloidosis occurs in 4 forms: 

1. Primary, idiopathic, atypical amyloidoss oc- 
curs uncommonly, without demonstrable unde-lying 
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disease, and is seen 1n both diffuse and localized 
forms. 

2. Secondary, typical amyloidosis is relatively fre- 
quent in chronic inflammatory processes, such as 
bronchiectasis and osteomyelitis, as well as in chronic 
infections such as tuberculosis and leprosy. 

3. Amyloidosis occurs as a result of paraprotein- 
emias, such as Waldenstróm's macroglobulinemia, 
and plasmacytoma, and this type accounts for as 
much as 10 per cent of all amyloidosis. 

4. Isolated tumor-like amyloidosis is most rare, 
and the literature contains reports of only 33 cases of 
lung involvement of this type. of which only 11 were 
diagnosed during life. 

A review of a total of 12 patients discloses that in 
almost half the disease was discovered by accident. 
Of the rest, some presented with hemoptysis, others 
with only cough. The roentgen appearance varied. 
In some patients there were several adjacent nod- 
ules, in some a solitary nodule, and in 1, an excavat- 
ing lesion. The solitary nodule may be central or 
peripheral, sharply defined, or diffuse and irregular, 
lobulated or smooth. [n a typical patient, in whom 
laboratory studies and pulmonary function studies 
were all normal, except for insignificant elevation of 
the alpha; and alpha» globulin fractions of the serum, 
there was a 4X 3.6 X 2.4 cm. lesion in the periphery 
of the lingula. This was successfully enucleated, with- 
out sacrifice of other lung tissue. Microscopically the 
waxy, friable mass consisted of amyloid deposited in 
and around the walls of the alveoli, bronchi, and 
blood vessels, with obliteration of most of the con- 
tained normal lung architecture. Granulation tissue 
surrounded the masses of amyloid, and the lesion 
contained islands of cartilage and bone. A fruitless 
search for diffuse amyloidosis included sternal punc- 
ture, rectal biopsy, examination of sputum and 
feces, and both electrophoresis and immunoelectro- 
phoresis. 

It is usually not possible to classify these slowly 
growing masses preoperatively, but enucleation, 
rather than lobectomy, in the presence of a peripheral 
lesion, is curative.—E. Frederick Lang, M.D. 


Kinosuita, Fumio, Usuio, TERuo, MAEKAWA, 
AKIRA, Artwa, Roxuro, and _ Kuso, 
ATSUSHI. Scintiscanning of pulmonary dis- 
eases with 9Ga-citrate. J. Nuclear Med., 
April, 1974, 75, 227-233. (Address: F. Kino- 
shita, M.D., Department of Radiology, 
Ohkubo Municipal Hospital, 1-461, Nishioh- 
kubo Shinjyuku, Tokyo, Japan.) 

The authors summarize their experience in the use 
of 2 millicuries of Ga®?-citrate for lung scanning in 
162 patients with a variety of pulmonary diseases. 
In 72 patients with primary carcinoma of the lung, 
all but 1 had positive scans with 62 of them being 
strongly positive. Eighteen patients with metastatic 
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pulmonary carcinoma had positive scans which in- 
cluded 1 with a tumor less than 2 cm. in diameter. 

Strongly positive scans were found slightly more 
often for squamous cell carcinoma and undifferenti- 
ated carcinoma then for adenocarcinoma 

The gallium scan also contributed useful informa- 
tion by indicating the presence of lymphatic spread 
into the mediastinal area, which was oftentimes 
found to be difficult to diagnase on a chest roent- 
genogram. 

Inflammatory lesions including pneumonia, ab. 
scess, tuberculosis and sarcoidosis had more clearly 
positive scans during the acute stage of the disease 
than did carcinoma. 

The article includes 13 figures of chest roentgeno- 
grams, scans and 2 tables —Merle K. Loken, M.D., 
Ph.D. 


ABDOMEN 


MASTER, S. P., Truscott, D. E., TEMPLETON, 
A. C., and Mippitemiss, J. H. Neonatal 
necrotizing enterocolitis. Brit. F. Radiol., 
Dec., 1973, 46, 1063-1069. (From: Depart- 
ments of Surgery, Radiology and Pathol. 
ogy, Mulago Hospital and Makerere Medical 
School, Kampala, Uganda.) 


Idiopathic neonatal necrotizing enterocolitis is a 
serious disease which afflicts infants in the first 3 
weeks of life, usually developing in the first 5 days, 
may have a fulminating, fatal course, and occurs 
usually in small, premature infants. The cause of the 
disease 1s unknown, but infection, intestinal is- 
chemia, intestinal stasis and hypersensitivity to bac- 
terial endotoxins have been suggested. Early diag— 
nosis and treatment are of crucial importance for a 
favorable outcome. The incidence in Europe and 
United States is about 1-2 per cent, while in Uganda 
it was less, possibly because of lack of recognition 
following home deliveries. 

In a group of 26 patients subjected to roentgen 
examination, all presented with lethargy, and 69 
per cent were premature. Abdominal distention, 
vomiting, edema of the anterior abdominal wall, and 
either constipation or frankly bloody feces were com- 
mon. In 21 there were perinatal complications lead- 
ing to hypoxia or shock. 

Examination of the abdomen by roentgenograms 
made with the patient recumbent and upright was 
carried out every 6 hours until the patient recovered 
or succumbed. The earliest sign is “‘veiling” of the 
abdomen with loss of the ‘flank stripe. Soon there 
develops a granular or foamy appearance due to gas 
in the wall of the involved segments, and with this 
there are shown fluid levels in the upright roentgeno- 
grams. The pneumatosis is shown as a fine line 
paralleling the lumen of the intestine, and when the 
gut is shown axially, there are concentric rings. Fre- 
quently the next stage is perforation of the intestine 
with development of a collection of air along the 
peritoneal border in the flank or under the dia- 
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phragm. The appearance of gas in the portal venous 
system is, of course, ominous. In those patients who 
recovered, reduction of the distention occurred 
usually within 12 hours, but the pneumatosis occa- 
sionally persisted for as long as 4 days. The roentgen 


. appearance returned to normal in successfully 


treated patients within 1 week. 

Fifteen of the patients were subjected to autopsy. 
The most frequently involved site was the terminal 
ileum, but in 1 the entire gastrointestinal tract from . 
the esophagus to the anus was necrotic. In all, the 
hemorrhagic surfaces of the ulcerated areas were 
covered by a yellowish, necrotic slough. The gan- 
grene was sometimes superficial, sometimes full 
thickness; surprisingly, tissue near the regions of 
gangrene appeared normal, with few inflammatory 
cells. The mesenteric and intestinal vasculature 
seemed normal. 

In the diagnosis and management of this disease, 
roentgen studies play a most significant part. Per- 
foration may be shown before it is even suspected 
clinically. Early institution of conservative, suppor- 
tive treatment, and frequent, serial roentgenograms 
are important in the management of these patients. 
—E Frederick Lang, M.D. 


Gray, Rosin. Disappearing gallstones: report 
of 2 cases. Brit. J: Surg., Feb., 1974, 67, 101- 
103. (From: Plymouth General Hospital, 
Plymouth, Devon, England.) 


The author describes 2 patients, 1 with radiolucent 
and I with radiopaque gallstones. 

The patients adhered strictly to a fat free diet for 
from 6 months to 2 years following the diagnosis of 
cholelithiasis, and subsequent surgery discerned that 
the stones had disappeared. Disappearance was by 
dissolution or by passage into the intestinal tract 
without biliary colic. 

The literature was reviewed and other instances of 
stone disappearance were found. 

Itis suggested that patients with roentgenographic 
evidence of cholelithiasis wait 3 months or longer 
and that repeat cholecystography be performed 
prior to surgery.—Rodert P. Andrews, M.D. 


GENITOURINARY SYSTEM 


Koroskin, MELVYN, Pick, Rura A., MERTEN, 
Davip E., Pertorr, DomorHEE L., and 
PALUBINSKAS, ALPHONSE J. Etiologic radio- 
graphic findings in children and adolescents 
with nonuremic hypertension. Radiology, 
March, 1974, 770, 615-625. (Address: Mel- 
vyn Korobkin, M.D., Department of Radi- 
ology, University of California School of 
Medicine, San Francisco, Calif. 94143.) 

The definition, etiology and prognosis of sustained 


nohuremic hypertension are not as well established in 
children as they are in adults. In an attempt to 
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clarify these factors, and to document the spectrum 
of potential curable underlying disorders, tue au- 
thors present a cooperative study of juvenile, non- 
uremic hypertension based on a review of the med- 
ical records at 3 major teaching hospitals. Only those 
patients with sustained hypertension were evalu- 
ated, and only those patients whose hypertension 
was first diagnosed at or prior to the age of 27 years 
were included. Transient hypertension, sustained 
hypertension with uremia, and coarctation of the 
thoracic aorta were excluded. A total of 61 p.tients 
are reported in whom a radiologically demonstrable 
abnormality was thought to be the cause o their 
hypertension. 

There is no widely accepted definition of juvenile 
hypertension because average diastolic pressures 1n- 
crease with age during childhood. However, dastolic 
pressures greater than 9o mm. Hg are accepted as 
abnormal in both adults and children, and tha value 
was used in this study, since all patients in this series 
presented diastolic pressures of more than go mm. Hg 
off therapy. The underlying disorders, with hyperten- 
sion, fell into 3 broad categories: renal parenchyma 
abnormalities; renovascular disorders; and adrenal 
disease. 

Thirty-nine of the children and adolescents with 
hypertension had renovascular abnormalities. Isolated 
renal artery stenosis was demonstrated radiograph- 
ically in 30 of these patients; it was unilatera in 26, 
and bilateral in 4. In 22 of the 26 the s enosis 
affected the main renal arteries; in the other 4 1t was 
confined to a segment of renal artery. Narrowing of 
the abdominal aorta was identified in the cther 9 
patients, 8 of whom had associated abnormal ties of 
the renal artery. Additional information on all pa- 
tients is presented in a tabular form. Desp te the 
extensive research regarding renal artery stenoses 
and hypertension, the mechanism involved n this 
relationship remains obscure. Not all patienss with 
significant renal artery stenoses are hypertensive, 
nor do all patients with renal artery stenoss and 
hypertension benefit from a technically adequate 
operation. How to define these patients with ayper- 
tension and renal artery stenosis who will benefit 
still remains a problem. Various differential function 
tests have been used, but these are technically diff- 
cult in small children. Presently, the ratio b-tween 
the renin concentration in the 2 renal veins hzs been 
shown to have a highly predictive value in e-aluat- 
ing those patients for possible surgery. Uafortu- 
nately, most of these patients were evaluated prior 
to the availability of accurate and sensitive renin 
assays. Nevertheless, the surgical results in patients 
with isolated stenosis are encouraging since, of the 
21 patients receiving surgery, the results were excel- 
lent in 18 and good in 2 patients, with 1 lost to fol- 
low-up. Surgical therapy is far less successful in 
those patients with associated abdominal aortic 
stenosis. Of these patients, 7 received surgery with 1 
excellent and 1 satisfactory result. 

Eighteen patients presented radiologic evidence of 
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renal parenchyma disease. Chronic atrophic pyelo- 
nephritis was present in 5 patients, unilateral hydro- 
nephrosis in 5, post-traumatic subcapsular scar in 1, 
a renin secreting Wilms’ tumor in 1, and there was a 
group of 6 hypertensive patients with a small artery 
feeding a small kidney, but without evidence of focal 
scarring. The etiology of the contracted kidney seen 
on the excretory urogram can be exceedingly diffi- 
cult to determine since ischemic atrophy, postob- 
structive atrophy, chronic atrophic pyelonephritis 
and congenital hypoplasia can all appear similar 
radiographically. The authors' criteria for a diagnosis 
of chronic pyelonephritis was irregular focal atrophy 
associated with caliectasis. The relationship between 
hypertension and chronic pyelonephritis is not clear 
and that of unilateral hydronephrosis to hypertension 
is controversial. Perhaps renal vein renin levels will 
be informative and predictive of operative success. 
Of the $ patients with unilateral hydronephrosis, 4 
received excellent results following relief of ureteral 
obstruction. Similar excellent results, with post- 
operative normotension, followed nephrectomy for 
the subcapsular scar and the renin secreting Wilms' 
tumor. 

l'our patients had hypertension associated with an 
adrenal tumor. Pheochromocytoma was present in 3 
patients; the tumor was intra-adrenal in 2 patients 
and extra-adrenal in 1 patient. The fourth patient 
was found to have a partially calcified aldosterono- 
ma. Surgical excision produced a return to normo- 
tension in all patients. 

The present study demonstrates the value of 
vigorous radiologic evaluation, including arteriog- 
raphy, of children and adolescents with unexplained 
systemic hypertension. The discovery of underlying 
disease of the renovascular system, renal parenchyma 
and adrenal gland permitted surgical therapy which 
resulted in cure or improvement of hypertension in a 
large number of patients.—Edward B. Best, M.D. 


MariNG, T. M. J., and RorrzsrTow, G. L. 
Intra-renal reflux in children demonstrated 
by micturating cystography. Clin. Radiol., 
Jan., 1974, 25, 81-85. (From: The Depart- 
ment of Radiology, Christchurch Hospital 
and Clinical School, Christchurch, New 
Zealand.) 


Intrarenal reflux or pyelotubular backflow associ- 
ated with voiding cystourethrography was demon- 
strated in 16 children under the age of 5 years. 

These children came from a series of 386 patients 
of all ages and both sexes, all of whom had vesico- 
ureteral reflux without evidence of mechanical ob- 
struction. 

The technique used in voiding cystourethrography 
was with the patient sitting or supine, depending on 
whether they were female or male, respectively. 
Injection of the contrast material with a small bore 
catheter was carried out. The reservoir height was 
adjusted so as not to exceed the expected normal 
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range of bladder pressures and filling was discon- 
tinued if spontaneous dorsiflexion of the toes oc- 
curred or spontaneous micturition took place. Fill- 
ing was also discontinued if there was no further 
ingress of fluid with the reservoir held at a height of 
less than 50 cm. 

Anesthesia did not appear to influence the produc- 
tion of intrarenal reflux and it is felt by the authors 
that the finding correlates with subsequent develop- 
ment of scarring associated with chronic pyelonephri- 
tis at the site at which it occurs. 

It is stressed that the quality of the roentgeno- 
grams obtained during the procedure was of signifi- 
cant importance in demonstrating the finding. — 
Robert P. Andrews, M.D. 


Coscrove, Marcorm D., and Mowar, PauL. 
Evaluation of the xenon 133 renal blood 
flow method. Brit. Y. Urol., April, 1974, 46, 
137-147. (From: Department of Urology, 
Los Angeles County University of Southern 
California Medical Center, Los Angeles, 


Calif.) 


The authors report the results in the study of 
renal blood flow in 22 patients. All patients were 
undergoing renal arteriography and at the comple- 
tion of that study, xenon in saline was administered 
via catheter directly into the renal artery(s). The 
clearance of the xenon from the renal parenchyma 
was determined from a strip chart record which per- 
mitted fast and slow components of flow to be deter- 
mined by “curve stripping." Patients with a variety 
of forms of renal pathology were included. 

The authors state that the xenogram has not by 
itself saved any lives, but has not caused any in- 
creased morbidity and may be accomplished in 
approximately 10 minutes with essentially no addi- 
tional radiation exposure. The usual injected dose 
was 500 microcuries of xenon 13}. 

In most categories of renal pathology, the authors 
feel that the xenogram provides useful information 
for managing individual cases. 

The xenogram does have certain deficiencies which 
include its inability to demonstrate areas of total 
occlusion and its inability to distinguish renal 
tumors from benign cysts. It does permit quantita- 
tion of renal ischemia, in the diagnosis of renal vein 
thrombosis, in the prediction of recovery of renal 
function following relief of obstruction, and in the 
evaluation of possible renal transplant rejection.— 


Merle K. Loken, M.D., Ph.D. 


BLoop AND LympuH SYSTEM 


PocHaczEvskvy, Rupem, Murti, Mantas A., 
LaGuEnnE, Joseren N., Bryk, Davin, 
Kassner, E. GEorGe, RicHTER, Ropert M., 
and Levowirz, BERNARD. Arteriography of 
penetrating wounds of the extremities—help 
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or hindrance? 7. Canad. A. Radiologists, 
Dec., 1973, 24, 354-361. (Address: R. 
Pochaczevsky, M.D., Department of Radi- 
ology, City Hospital Center at Elmhurst, 
79-01 Broadway, Elmhurst, N. Y. 11373.) 


Experience with 75 patients with penetrating 
injuries of the extremities showed that a significant 
hematoma formation, even without other clinical 
findings, was a fairly reliable sign of arterial injury. 

A potential pitfall of arteriography was empha- 
sized by experimental animal studies. Even though 
arteriography was shown to be reliable in clinical 
material, as well as in experimental transverse 
wounds, it was not accurate in defining longitudinal 
wounds with a fairly large number of false negatives 
occurring in the latter category. Significant hema- 
toma formation, on the other hand, proved to be a 
consistently reliable indicator of the presence of both 
transverse and longitudinal wounds. Significant 
hematoma formation was also shown to be absent in 
experimentally produced venous and muscle injuries. 

Arteriovenous fistulas may not be present initially, 
but may develop as a complication of untreated 
injuries. 

Arteriography in penetrating wounds of the ex- 
tremities would be most helpful and informative in 
the following circumstances: (1) when there is a 
history of preexisting arterial disease; (2) when 
associated fracture or massive muscle injury (i.¢., 
shotgun wounds) may contribute to significant 
hematoma formation; (3) when initial physical 
examination is delayed and a history of previous 
swelling (7.e., “hematoma”) is unreliable; (4) when, 
in the operating room or postoperatively, a dimin- 
ished or nonpalpable distal pulse may be due to 
thrombotic occlusion or technical error; and (5) to 
demonstrate the extent of a thrombosed arterial seg- 
ment if this information is indispensable for correct 
surgical management. 

It is concluded that delay in the surgical repair of 
penetrating injuries of the extremities, when associ- 
ated with significant hematoma formation, is not 
warranted in most cases.— David Morse, M.D. 


RADIATION THERAPY 


DiMopouLos, J., WICKENHAUSER, J., CANIGIA- 
NI, G., and Wickz, L. Das Ewing-Sarkom: 
Kritische Analyse von 41 Fallen. (Ewing's 
sarcoma: critical analysis of 41 cases.) 
Radiol. clin. et biol., 1974, 43, 56-70. (Ad- 
dress: Dr. J. Dimopoulos, Strahlenthera- 
peutische Klinik und Institut für klinische 
Strahlenbiologie der Universitat Wien, Alser- 
strasse 4, A-10go Wien, Austria.) 


Ewing’s sarcoma of the bone represents a highly 
malignant tumor and occurs predominantly in child- 
hood and adolescence. In spite of the malignant 
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nature, it also shows a great radiosensitivity. An 
attempt at a radical destruction of the tumor is indi- 
cated. Nevertheless, the prognosis remains very poor. 

The diagnosis is based on roentgenographic, 
clinical, and pathologic findings. The clinical find- 
ings, comprising localized pain and swelling and 
subfebrile temperatures, are not specific. A histologic 
proof is always required. Needle biopsy is considered 
inadequate as the results cannot often be correlated 
with roentgen findings. Therefore, a surgical bropsy 
becomes necessary. Because of the threat of tumor 
dissemination, a preoperative prophylactic irradi- 
ation must be performed. The authors recommend a 
dose of 800 to 1,000 r immediately prior to the surgi- 
cal procedure. The field of irradiation can be kept 
small in this instance. 

Radiotherapy remains the method of choice as the 
survival rate of surgically treated patients has 
significantly decreased from 24.4 to 19.9 months. 
The affected bone has to be irradiated in its entirety 
with doses of 4,000 to 5,000 r given within a period 
of 4 weeks. Megavolt therapy has proved most effec- 
tive. Simultaneous cytostatic medication is consid- 
ered to be of little value. It should be reserved to 
cases with widespread dissemination. Solitary meta- 
static foci in bones and in the lung can still be treated 
with high energy electrons or radiocobalt. 

The therapeutic results in 41 patients, observed 
during the past 17 years, are evaluated. Five cases 
have been deleted because of inaccurate diagnostic 
conclusions. Of the remaining 36 patients, 31 have 
died during the first 2 to 3 years, the shortest interval 
being 8 months. Two patients have survived § years. 
An early diagnosis has aided in improving the sur- 
vival rate. 

It is now believed that the disease affects not only 
a bone in its entirety, but that a multicentric in- 
volvement exists from the beginning. Therefore, 6 
patients have more recently been treated with high 
energy electrons (30-42 mev.). There have been 
three survivals so far at intervals of 21, 31, and 39 
months, respectively.—Ernest Kraft, M.D. 


Martini, NaEL, Huvos, ANDREW G., SMITH, 
Junius, and Beattie, Epwarp J., Jr. 
Primary malignant tumors of the sternum. 
Surg., Gynec. & Obst., March, 1974, 736, 391- 
395. (From: The Departments of Surgery, 
Pathology, and Radiology, Memorial Sloan- 
Kettering Cancer Center, New York, N. Y.) 


Fourteen patients with primary malignant tumors 
of the sternum are reviewed. There were 8 chondro- 
sarcomas, 1 fibrosarcoma, 1 osteogenic sarcoma, I 
angiosarcoma, 2 plasma cell myelomas, and I 
reticulum cell sarcoma. 

All patients presented with a palpable mass and 7 
patients had dull pain in the sternal area. The 8 
»atients with chondrosarcoma had coarse mottled 
calcification within the tumor. Tomography of the 
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sternum and selective internal mammary angiogra- 
phy were performed in some patients. Only the 
angiosarcoma and 1 patient with multiple myeloma 
had an abnormal vascular pattern in the area of the 
tumor. The remaining tumors were avascular. 

Wide surgical excision was performed in all the 
solid tumors of the sternum. The patients with 
myeloma and reticulum cell sarcoma were success- 
fully treated with external radiation therapy.— 
Ronald J. Ross, M.D. 


ARCHAMBEAU, JOHN O., BENNETT, GERALD W., 
LEVINE, GERALD S., Cowen, RICHARD, and 
AKANUMA, Arsvo. Proton radiation therapy. 
Radiology, Feb., 1974, 770, 445-457. (Ad- 
dress: John O. Archambeau, M.D., Depart- 
ment of Radiation Therapy, Nassau County 
Medical Center, 2201 Hempstead Turnpike, 
East Meadow, N. Y. 11554.) 


The well-defined range of protons in tissue and 
their characteristic energy distribution along this 
range (Bragg ionization curve) permit the therapist 
to confine the major fraction of the absorbed dose to 
a designated volume. As a consequence, protons 
should have a definite clinical usefulness. Either the 
dose to normal tissues can be reduced while giving 
the required dose to the designated tumor-contain- 
ing volume, or the dose to the tumor-containing 
volume can be increased without exceeding the toler- 
ance of the normal tissues. 

At a recent conference on the application of pro- 
tons for radiation therapy it was concluded that, 
although further preclinical investigation is required, 
a clinical trial is warranted. In view of the ability to 
increase the dose to a designated volume, it will be 
necessary to determine whether a dose-volume rela- 
tionship exists. A clinical trial should then be set up 
to document whether the ability to increase the dose 
to a designated volume could result in increased con- 
trol of a cancer (z.e., cancer of the pancreas). 

The primary purpose of this communication is to 
demonstrate the improved dose distribution obtain- 
able with proton irradiation. 

'The characteristics of protons compared to those 
of cobalt gamma photons, fast neutrons, pions and 
heavy ions are neatly tabulated. The specific physi- 
cal, technologic, biologic and clinical advantages of 
protons are presented in detail. A comparison of 
proton and x-ray treatment plans demonstrates the 
superiority of the dose distribution of the former by 
stressing the differential low dose to normal tissues 
as the key factor. This is done using treatment plans 
consisting of single field irradiation and parallel 
opposed (overlapped) field irradiation. Many isodose 
curves, schemata and tables illustrate these charac- 
teristics of proton irradiation. For example, condi- 
tions for which a lowered integral dose or decreased 
dose to normal tissue would offer particular advan- 
tages are listed as follows: children's cancers; Hodg- 
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kin’s disease; paraaortic irradiation; obesity; severe 
illness; and re-irradiation. 

The status of proton irradiation today is also 
discussed. Except for pituitary ablation and limited 
clinical application in Sweden, ahd Russia, full ex- 
ploitation has not been realized. Obstacles to clinical 
use of protons include: limited availability of proton 
accelerators; difficulty in designating the tumor 
volume; difficulty in localizing the Bragg peak within 
tissues; preoccupation with other radiation sources; 
and clinical lethargy. 

It is concluded that no advantage can be claimed 
for protons per se. Yet, the ability to confine the 
proton dose to a designated volume provides greater 
flexibility and resourcefulness for proton irradiation 
therapy than does x-ray therapy for dose delivery 
to the cancer.—Pau/ M. Kroening, M.D. 


SCHMITZ, RosERT L., Cnuao, Jen-Hune, and 
BARTOLOME, JUANITO S., Jr. Intestinal in- 
juries incidental to irradiation of carcinoma 
of the cervix of the uterus. Surg., Gynec. EF 
Obst., Jan., 1974, 738, 29-32. (From: The 
Departments of Surgery and Radiology, 
Mercy Hospital and Medical Center, Chi- 
cago, Ill.) 


Significant injury to the intestinal tract occurs in 
about 2 per cent of cases with carcinoma of the 
cervix or endometrium treated with irradiation. 

If the exposure is in small dosages at long intervals 
and in a total amount less than 4,000 roentgens, the 
effects are not severe. There will be inflammation 
and edema of the intestinal wall with superficial 
ulceration, excess mucus production, hyperperistal- 
sis, nausea, and diarrhea. Soon after treatment is 
stopped, these effects disappear, usually with little 
or no residue. 

If the exposure is in larger dosages at shorter inter- 
vals, and the total amount exceeds 4,500 roentgens, 
the effects aré proportionately more severe. The 
intestinal wall may be edematous, the mucosal ulcer- 
ations will be deeper and may bleed significantly. 
Peristalsis will be more active. The bloody diarrhea 
combined with moderate nausea and vomiting may 
be severe enough to require fluid and blood replace- 
ment. Necrosis of the intestine may occur with 
hemorrhage, sloughing, and/or perforation. An 
endarteritis often develops after the acute reaction 
to large doses of irradiation. This may lead to 
atrophy, scarring and,rarely neoplasia. 

Factors increasing intestinal injury are: (1) type 
of bowel (small bowel being more susceptible than 
large bowel); (2) patient variability (light-com- 
plexioned patients are more susceptible); (3) im- 
mobile bowel (e.g. rectum or small bowel bound down 
with adhesions); (4) faulty factors in treatment plans 
leading to overexposed areas. 

Thirty-seven patients with severe radiation inju- 
ries were treated. Injury occurred in the ileum 14 
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times, in the sigmoid 3 times, and in the rectum 20 
times. The likelihood of injury is twice as great for 
patients with carcinoma of the cervix, as it 1s for 
patients with carcinoma of the endometrium. This 
is not only due to the close, fixed relationship between 
the cervix and the rectum, as 11 of these patients 
with carcinoma of the cervix had ileal injuries and 
another 3 had injuries to the rectosigmoid. The inju- 
ries were concomitant with the symptoms of radiation 
sickness in 10 patients. The others had a latent 
period lasting as long as 20 years. 

The types of injury encountered included severe 
enterocolitis, local ulceration, stenosis, rectovaginal 
fistula, atrophy of the terminal ileum with spruelike 
picture, and latent neoplasia. 

Treatment of the enterocolitis was with fluid and 
blood replacement. Occasionally, vigorous medical 
management of local] ulcers was successful. In most 
instances surgical diversions or resections were the 
treatment of choice.—Frederick P. Stitick, M.D. 


FREEMAN, J. E., Jouwsrow, P. G. B., and 


Voge, J. M. Somnolence after prophylactic 
cranial irradiation in children with acute 
lymphoblastic leukaemia. Brit. M. F., Dec., 
1973, 4, 523-525. (From: St. Bartholomew’s 
Hospital, and Hospital for Sick Children, 
Great Ormond Street, London, England.) 


Twenty-eight children with acute lymphoblastic 
leukemia in remission received cranial irradiation as 
part of central nervous system prophylaxis. Twenty- 
two of these children had a transient cerebral dis- 
turbance characterized by a varying degree of som- 
nolence. All the patients had 2,400 rads delivered to 
the midplane of the cranium in 20 fractions given 
over 28 days. A similar amount of radiation was 
given to the spine in 7 patients. In 21 patients lower 
doses of radiation and intrathecal methotrexate were 
employed. The therapy of the spinal canal did not 
alter the frequency of postirradiation somnolence. 

Somnolence was the major symptom. This varied 
from mild drowsiness to prolonged periods of sleep. 
Severe somnolence lasted for 3 to 7 days. Other 
symptoms lasted longer. Somnolence was often pre- 
ceded and followed by.several days of anorexia and 
irritability. 

There was no evidence of raised intracranial pres- 
sure or focal neurologic abnormality in any affected 
child. No convulsions occurred. In every child the 
symptoms subsided spontaneously and completely. 
Normal levels of alertness and physical activity were 
fully re-established. 

Although 22 children (79 per cent) developed the 
syndrome to same degree, in 11 (39 per cent) the 
symptoms were mild. In the other half they were 
severe. The younger children tended to have the 
more severe symptoms. Symptoms appeared after a 
latent period of 24 to 56 days following completion of 
cranial irradiation. Eighteen out of the 22 children 
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first developed symptoms during the fifth or sixth 
week after cessation of therapy. Symptoms lasted 
from 10 to 38 days. There was a suggestion th: t the 
patients, who developed symptoms earlier, tenóed to 
have a more prolonged course. 

Five of the children had a lumbar puncture. In 1, 
the cerebrospinal fluid was normal, the others had 
varying degrees of mild elevation of protein and 
leukocytosis (monocytes). In 5 children an electro- 
encephalography (E.E.G.) was performed. The 
electroencephalographic abnormalities were con- 
sistent with a diffuse cerebral disturbance, wrhout 
focal abnormality. Repeat E.E.G.s showed improve- 
ment, correlating with the clinical recovery. 

Although there is no clinicopathologic proo , the 
authors postulate that this syndrome is an encepha- 
litis caused by suppressed myelin synthesis die to 
the irradiation. This syndrome should be regarded 
as a minor and relatively unimportant complication 
of cranial irradiation in children. It is a relatively 
small price to pay for reducing the incidence of 
meningeal leukemia.—Frederick P. Stitik, M.D. 


RADIOISOTOPES 


Grames, GEORGE M., JANSEN, CARL, GANDER, 
Martin P., Wietanp, Howarp C., and 
Jupxins, MrrviN P. Safety of the rect 
coronary injection of radiolabeled part cles. 
F. Nuclear Med., Jan., 1974, 75, 2-6. «Ad- 
dress: George M. Grames, Division of Nu- 
clear Medicine, Department of Radio ogy, 
Loma Linda University School of Mediine, 
Loma Linda, Calif. 92354.) 


At the time of coronary arteriography, labeled 
albumin microspheres and macroaggregated albu- 
min were administered to 800 patients to determine 
the perfusion to the peripheral vascular bed. 

The particle preparations were carefully prepared, 
and scrupulously quality controlled, so that only 
10-30,000 particles were administered to each 
coronary bed. 

Sixty per cent of patients undergoing examiration 
had no adverse reaction resulting from tracer admin- 
istration. Twenty per cent had some ECG changes 
without rhythm disturbances, while the rem: ining 
20 per cent had rhythm disturbances ranging from 
ectopic beats in 13 patients to ventricular tachy- 
cardia in one. 

Since the myocardium has an estimated 3,300 
capillaries per millimeter, a 20,000 particle dose 
would deliver less than 100 particles/gram. This 
large safety factor permits the administration of 
particles to patients with severe coronary :rtery 
disease. 

From this study, the intracoronary administration 
of microspheres appears to be a safe procedure, which 
can be employed in patients with severe coronary 
artery disease. William H. Strauss, M.D. 
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MeNzir, Barsara J., Horman, B. LEONARD, 
and ADELSTEIN, S. James. The scintigraphic 
definition of pulmonary embolism. 7.4.M.4., 
Feb., 1974, 227, 753-756. (Address: Barbara 
J. McNeil, M.D., 25 Shattuck Street, Bos- 
ton, Mass. 02115.) 


A retrospective analysis of pulmonary perfusion 
and ventilation scanning in §7 patients suspected of 
having pulmonary emboli is presented. The presence 
of pulmonary emboli was confirmed or excluded by 
pulmonary angiography. 

Parameters of significance as stated by the authors 
include: patterns of regional perfusion; ventilation 
perfusion; mismatches; and changes in perfusion 
defects in patients with serial scans. 

Eighty per cent of lobar defects were associated 
with pulmonary emboli, while segmental or subseg- 
mental defects had only a 30 per cent association 
with pulmonary emboli. Twenty patients had the 
combined ventilation/perfusion scan. Of these, 95 
per cent of patients with a V/Q mismatch had 
pulmonary emboli. No patient with normal ventila- 
tion/perfusion had pulmonary emboli. 

Of 15 patients with repeat scans, 10 patients had 
change in perfusion defects and all were associated 
with pulmonary emboli. In the § patients without 
emboli, a changing pattern was not present. 

A combination of parameters included a large 
perfusion defect, and ventilation /perfusion mismatch 
correlated strongly with pulmonary emboli.— 


Donald P. Harrington, M.D. 


MISCELLANEOUS 


Marcove, Raru C., Lypen, Joun P., Huvos, 
AxpREW G., and BurLoucH, PETER B. 
Giant-cell tumors treated by cryosurgery: a 
report of twenty-five cases. J. Bone © Joint 
Surg., Dec., 1973, 55-4, 1633-1644. (Ad- 
dress: Ralph C. Marcove, M.D., 444 East 
68th Street, New York, N. Y. 10021.) 


Twenty-five consecutive patients seen at the 
Memorial Hospital for Cancer and Allied Diseases 
and The Hospital for Special Surgery, New York, 
with proved benign giant cell tumors were treated 
with cryosurgery. All but 1 tumor was in a long bone 
with the majority localized about the knee; the other 
lesion was in the innominate bone. Encouraging 
results in the treatment of metastatic tumors and 
locally aggressive and recurrent primary bone tumor, 
such as aneurysmal bone cysts, resulted in the pres- 
ent study. 

Radiation therapy has proven to be of value princi- 
pally only in the vertebrae and sacrum, because the 
areas are difficult to approach surgically. The lesions 
are, however, radioresistant, pathologic fractures are 
common from radionecrosis and secondary malig- 
nant transformation occurs 4 to $ times more often 
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as in non-irradiated tumors. Cryosurgery 1s believed 
advantageous because it enhances the curettage and 
allows less sacrifice of tissues needed for reconstruc- 
tion or joint function. 

Each patient was treated bv thorough curettage 
followed by instillation of liquid nitrogen ofa either 
-a double lumen probe with circulating liquid nitrogen 
poured directly into the curetted cavities through a 
funnel. This destroys residual tumor beyond the 
limits of the curettage. In 20 patients a repeat open 
biopsy was performed 3 to 6 months after the original ` 
curettage and cryosurgery. If a frozen section of the 
biopsy tissue proved to contain residual tumor, the 
cryosurgery was repeated. Initially homogeneous or 
autogenous bone chips were used to fill the cavity 
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treated elsewhere by curettage and had recurrent 
tumor which was often highly destructive. There 
were 2 obvious clinical recurrences and 6 instances of 
residual fossae of tumor demonstrable only by the 


follow-up biopsy and in these cases it is not clear 


whether clinical recurrence would ever have become 


- evident. Five of these 8 tumors were controlled with 


2 repeat applications of cryotherapy; 1 had 2 applica- 
tions and 2 had en loc resections to eradicate the 
tumor. | 

. There were 7 cases of postoperative infection. One 
necessitated amputation because of persistent osteo- 
myelitis. Sepsis apparently has been a problem in any 
type of therapy for giant cell tumors. Two infections 
resulted from skin freezing and necrosis in another 


following cryotherapy, but later strut grafts of fibula ~from faulty skin closure. It is hoped that the skin 


were utilized in order to prevent collapse of the re- 
maining bone.near -the site of the tumor and still 
allow a thorough follow-up biopsy to be performed. 
Twelve patients utilized an ischial weight bearing 
brace for up to 30 months following treatment. 

The bone immediately adjacent to previously 
treated cavities revealed histolcgic evidence of bone 
necrosis with total absence of osteocytes. Months 
after cryosurgery, where peripheral sclerosis was seen : 
- on roentgenograms, histologic examination revealed: 


new bone.formation in granulation. tissue and on the - 


‘ gurface of the necrotic bone trabeculae. 


. v * «Fourteen of-the.25: patients had previously been 


problems can be avoided by wider skin retraction. 
Seven patients suffered fracture after cryosurgery 
and 5 healed uneventfully, 1 required a bone graft, ` 
and 3 ultimately were treated by insertion of a 
femoral condylar prosthesis. More frequent use of 
supporting fibular bone struts, use of ischial weight 
bearing braces, and increased protection from 
weight bearing, it is hoped, will reduce the rate of 
fracture occurrence. Five patients required fusion of 


the knee because. of fracture or infection. Neuro- 


praxis occurred in.3 patients and in each ultimately 


‘resolved, but this-required up to 2 years for full re- 


covery of/nerve-function.— Jon T. Underberg, M.D. 
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Conventional Silver Halide Image 


It will be here soon. The Xonics 
Electron Radiographic System. 
A chest unit that gives you 
chest films with more 
information than ever before. 


You get films with considerably 
better detail and far greater 
latitude. A push-button system 
prints out patient identification, 
date, time and technician 
number. 


Exposures will be developed 
inside the unit in 60 seconds. 
And cost far less than silver 
halide film. Installation is 
simple — no plumbing required 
— compatible with x-ray 
generating equipment of any 
manufacture. 


The Xonics ERG system. Soon. 


XONICS, INC. 

2080 Stonington Ave. 
Hoffman Estates, IL 60172 
Telephone 312 884-9300 
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Special procedures used to 
dictate the purchase of 
separate tables. 


But the Memco X-TAB 
Table System lets you 
select a single base, plus 
one or more of four 
table top options. 


The X-TAB system 

offers flexibility 

without com- 

promise. With all 

the desired state-of- 

the-art features for each 
individual configuration. And 
an excellence in construction — . 
that is a Memco and Xonics 
trademark. 


The X-TAB Table System. 
A Memco example of the 
standard of quality that 
Xonics will continue to offer 
you. For complete informa- 
tion, write: 


MEMCO, INC. 
Subsidiary of Xonics. Inc. i = 
2080 Stonington Ave. M CM m 
Hoffman Estates, IL 60172 

Telephone 312-884-9300 
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"afl" wt." nit f- 





Cardiovascular 
Configuration 














GE 400 


: S 
D by ~L 
film processor M ie eat p 
€ 
the C Py à Bae, e i. tn 








GENERAL @@ ELECTRIC 


orocessing, but 

second-effort 

oerformance 
hen other units 





Big capacity, high speed 

These are two important reasons 
for cheosing the General Electric 
400 automatic film processor. 
The unit will process 400 sheets 
of 90-second films dry-to-dry per 
hour—any mix of 5 x 7 inch to 

14 x 36 inch. Also, 17-inch wide 
90-second roll film at 70 inches 
per minute. 


But there's still another reason 
why this processor is the smart 
choice for centralized and 
dispersed processing. And that's 
its second-effort ability to keep 
working when ordinary proc- 
essors might quit. 


Dua! developer heaters, dual 
thermostats, dual dryer fans 

and heaters provide reliable 
processing performance. If one 
of these tandem units should 
malfunction, the other is more 
than adequate to take over and 
keep film processing on schedule. 
Not true of other processors. And 
this means less downtime. More 
volume you can count on. 





How the GE 400 unit processes, 
is equally interesting. Simply 
insert the film to start the proc- 
ess. Instantly, automatically, film 
width and length are sensed by 
foolproof, mechanical roll 
switches, and only the proper 
amount of developer replenisher 
is metered-in. No more than 
necessary ... no less. Real 
savings in chemicals. Consistent 
film quality film after film. 


Two heaters; two thermostats 


Two 1000-watt heaters provide 
prompt warm-up of the developer 
solution; with one heater then 
maintaining a thermostatically 
controlled temperature within a 
critical +0.5°F. This second 
heater alone is powerful enough 
to deliver effective heating for 
processing. Similarly, a standby 
thermostat is also built in. 


External valve—no added cost 


An external thermostatic mixing 
valve, normally a costly option 
with other processors—is 
included at no extra cost. This 
valve tempers the incoming wash 





water, whose temperature is then 
maintained by conduction from 
the heated developer solution. 


Thorough, 2-stage drying 
Processed film is fed into the 
drying chamber where it is 
pre-dried by two recirculating 
warm air fans. 


Then both sides of the film are 
subjected directly to heated air 
from two dryer heaters. In each 





drying stage, one of the fans and 
heaters will provide sufficient 
drying capacity. 





Water savings, too 


Water flow is also metered and ' 
is never more than 112 gallons 
per minute. This flow is sharply 
reduced and automatically 
maintained at one quart per 
minute when no film is being 
processed—a water savings of 75 
gallons per hour in the standby 
mode! Again, standard equip- 
ment for which you pay no more. 





Smooth gear drive 


Heavy-duty gear drive, unlike 
chain drives in some processors, 
delivers a smooth steady roller 
movement to maintain continu- 
ously-uniform film-image quality. 
Gear drive system allows for 
quick adjustment from standard 
90-second processing time to 
31^ or 7 minutes if desired. 
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Maintenance in Routine maintenance and 


cleaning are easy to perform 


minutes, with because top and side panels lift 
fullaccess ROmipletely away for cnay accesi 


Complete dryer rack can be 


servicing. removed for access to dryer fans 


and heaters, which are remov- 
able themselves as a unit (two 
bolts) in minutes. 





Bëss it Outside rollers of transport 
system lift out for cleaning when 
necessary, without dismantling 
the racks. New, semi-soft 
developer rollers give optimum 
transport with any film. Require 
Cleaning cut to a minimum only a gentle spraying to clean— 
Turnaround film deflectors— no hard scrubbing or special 
rather than roller crossovers— cleansers. 

allow spotless clean-ups with 
just a damp cloth. 












Corrosion-proof construction 
Corrosion-proof features include 
stainless steel racks and tanks, 
torsion-spring roller compres- 
sors, and developer filter dolly. 
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Protected electrical controls 


Electrical controls are contained in a closed 
compartment below the feed tray—away from 
the hostile environment of the processing and 
drying sections. Each component is clearly 
labeled, easily removed (pull-out type), and 
serviceable from a stand-up position. 


Let your GE representative provide details on 
the 400 film processor, and learn why it's like 
getting twice the processor for your money. 
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SYSTEMS LIMITED, 3311 BAYVIEW AVENUE, TORONTO, ONTARIO, CANADA è GENERAL ELECTRIC MEDICAL, S.A., RUE MARIE CURIE, B4431 LONCIN, 
BELGIUM. TELEX 41655 e GENERA! ELECTRIC FSPANOI A S4 NIVISIAN EI ECTQOMERDnICINA ^DADTARm^ ^-^ aas ene amain ær- = 





redi-FLOW puts convenience on tap- 
with four studies from one source. 


Now—a presuspended, prehydrated barium preparation that's easy and economical to use in all gastro- 


intestinal radiological studies: 


esophageal upper G.I. routine enema air contrast enema 
Time-saving redi-Flow is flavored, concentrated, prehydrated, autoclaved, and homogenized. 
needed). 


Ready to use— with simple dilution directions for each type of study (no blender 

Produces consistent, uniform coating in all radiological examinations, including 

excellent readings in post-evacuation films 

: for added thrift, a plastic top is included to - 
WU "apos SUSPENSION 


BARIUM SULFATE 1009 W^ 


Available in individual 16 tl. oz. cans 
facilitate refrigeration for later use. 
All-purpose Suspension redi-Flow (barium sulfate 100% W/V). 





Simplifying without compromising 


FLOW PHARMACEUTICALS, INC. 
Palo Alto, CA. 94303 


In X-Ray diagnostics, there’s nothing we don’t 
make a little better 


Including a 90*/15* universal R/F table. 


Philips Diagnost 1500. Better in its class because it's 
engineered with the same philosophy as Philips' fa- 


A) mous special procedures systems—consistent opti- 
mum performance that provides maximum diagnostic 
information. 


® TM N. V. Philips of Holland But the Diagnost 1500 has more than philosophy in 
common with higher-priced Philips’ systems. The spot 
film device, for example. It's the same one used on 
many of the more specialized Philips’ radiographic/ 
fluoroscopic tables. 





° The TV chain is identical, too. The 1500 provides the 
highest levels of resolution, contrast and quantum 
detection efficiency available—in routine radiographs, 
in photofluorographic spot filming, and in TV image 
(whether you use the 6-inch or 9/5-inch image in- 
tensifier). 





Equipped with advanced automation that eliminates 
many manual tasks, the Diagnost 1500 gives you the 
kind of flexibility, smooth operation and outstanding 
results that make routine examinations a pleasure. 
Then we went one better... 


An economical partner: the Medio 5500. 


While the Diagnost 1500 operates optimally with either 
a single- or a three-phase generator, a logical and 
economical systems partner is Philips Medio 5500. 
A completely solid-state single-phase generator, the 
Medio 5500 is designed with plug-in circuit boards 
to simplify fault-tracing and sharply reduce service 
time. 


Diagnost 1500/Medio 5500 . . . Philips partners in 
consistently high performance. 


Write today for additional information. 


PHILIPS MEDICAL SYSTEMS, INC. 


A NORTH AMERICAN PHILIPS COMPANY 


710 Bridgeport Avenue, Shelton, Conn. 06484 








THE DIAGNOST 1500 


THE MEDIO 5500 





Have you ever 
wondered 
why the 
National Safety 
Councils logo 
Is green? 





Since employees' traffic 
accidents cost employers one 
billion dollars a year in lost 
time and production, our color 
has taken on a new meaning; and if 
you're in business, you've probably 
guessed why ... right, it's money. 
But more important than money 
it's life. 

The National Safety Council 
can help your business save both of 
these. By completing your 
employees' training with the 
Defensive Driving Course you'll be 
saving the lives of valuable 
employees and gaining better 
employee and public relations. Your 
business will profit in both ways— 
saving lives and money. Since 85% of 
all traffic accidents are preventable, 
isn’t it worth looking into. 


Sponsor the National Safety 
Council’s Defensive Driving Course 
... for a better business, all around. 
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Special Projects— Public Information 
National Safety Council 

425 North Michigan Avenue 

Chicago, Illinois 60611 

Please send me full details on 

the Defensive Driving Program. 

I am interested for: Myself 


A civic organization or club 


Number of employees 


My company___ |— 
Name 

pi ———————————— à 
Firm or Organization 

ROGER LL a p EM E edd 


City Me — — M —Àà E Qe 


People start pollution. 
People can stopit. 
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Please send me a free copy of your guide. 


Name 


Street 





City mq — 
State. Zip |. 


<| AME 
AUI, d T ar 
Suns Counc 
Keep America Beautiful 
99 Park Avenue New York 10016 
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Heres a better way 
to look into a problem. 





Imagination has kept Searle 
Radiographics number one in gamma 
imaging, with developments such as 
Whole Body Scintiscan™, Scintiscan 
allows you to image the entire body for 
bone studies or single organ studies as 
you prefer. Number of scans required, 
termination point, and electronic 
aperture settings are all monitored 
electronically, insuring the uniformity of 
the complete scan. 


On a scanning table monitored to travel 
within +1% of the speed you select, 
the patient is only S/s" from the highly 
sensitive Pho/Gamma detector. The 
resultant images may be viewed on 
standard X-ray or Polaroid films making 
comparisons of bone surveys with 
roentgenographic studies easier to 
visualize. 


Operation of the Scintiscan system is 
easy also. If scan input does not agree 
with the patient positioning, a warning 
system relays the inconsistency to the 
technologist who may terminate the 
scan or reposition the patient. 


Rigid standards of excellence made us 
number one in gamma imaging. 
Imagination keeps us there. 


SEARLE 


Searle Radiographics Inc. 


Subsidiary of G. D. Searle & Co. 
2000 Nuclear Drive 
Des Plaines, Illinois 60018 


CM-334 


SIEMENS 


Optimatic Generator Systems 





Optimum efficiency, 


maximum economy. 


The first full time-sharing approach 

to radiology.Take acentrally-located 

master generator that serves 3 or 

more X-ray rooms, a built-in analog 

computer, and push-button-operated 

organ-related consoles in each “sat- 
ellite" X-ray room, and you have a 

system that's both cost-efficient and 

time-efficient. The Siemens Optima- 
tic” Generator System. 


You can handle a vastly increased 
patient load, because automated 
procedures let three or more X-ray 
rooms operate at virtually the same 
time.While a patient is positioned in 
one room, a technician in the next 
room could be selecting preset radio- 
graphic data, while an X-ray is being 
taken in the third room. No running 
back and forth to make adjustments. 
Organ-related buttons automatically 
select kV, focal spot, screen combin- 





ation and film blackening by means 
of an ionization chamber (lontomat); 
cut to a minimum the number of de- 
cisions and settings required to get 
a diagnostic radiograph every time. 


Three Siemens Optimatic generators 
offer outputs ranging from 50KW to 
150KW. And all Optimatic systems 
feature electronic falling load, insur- 
ing maximum tube loading for short- 
est possible exposure times. Tubes 
are matched to the output of the 
generator. 


This is performance you can't get 
from anyone but Siemens. For more 
information about Siemens Optima- 
tic Generator Systems, call or write 
Siemens Medical Systems Division 
or your local Siemens specialist. 


Siemens Corporation 


Medical Systems Division 
186 Wood Avenue South. Iselin, N.J. 08830 (201) 494-1000 
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Electronics 
: cabinet 
and power unit. 
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Master console. 













The symbol you see in 
the center of this page is the 
new mark of The Advertising 
Council. 

It was made to identify the 

i V public 
service ad- 
vertising 
Campaigns 
provided to 


execute these campaigns. 
Television/radio j Diagram ofa 
networks and local | .."gabuser 
stations, news- 
papers, business 
publications, 
consumer maga- 
zines, outdoor and 
transit media make their 
mark. By donating the space it takes to run them 








scores of worthwhile or- — _ on the air and in 
ganizations. am n print. 
Through these Ad- — TERNG TO WASTE. Concerned 





BEL nia vertisingCoun- bet neti 
cil campaigns, the men and women of the aramea a 
American business and communications Esse 

| | community 
are working | 
to make their 
mark onf 


corporations make 
their mark. By do- 
nating the cash con- 
tributions it takes 
for The Advertising Council to coordinate all 
| these resources and focus them where they are 
most urgently needed. 

America's] Inshort, every time The Advertising Council 
future. stamps its new mark on public service advertising, 
Creative and marketing experts at adver- — a lot of people make their mark. 
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tising agencies make their How would like to And that mark counts 
mark. By donating the serv- AÊ si you 9 = fora lot. 
ices it takes to plan and sign the work you do? 


ut s 2 A Public Service of 
This Magazine & 
l The Advertising Council 





OUR CASSETTELESS SYSTEM 
WILL HANDLE OVER 70% 
OF MOST RADIOLOGY NEEDS. 
WILL ANY OTHERS? 


Over 5 years ago, Picker introduced the first practical cassetteless radiog- 
raphy system—the Automatic Chestfilmer. Picker followed up this revolution- 
ary concept with the first cassetteless horizontal Bucky system, Pickers 
Rapido®. Now a combined Picker cassetteless installation, with RapX™ film 
transport and automatic film processor, can handle over 70% ot the 
examinations in a busy radiology department—without cassettes and with 
superior radiographic quality. Picker is the proven way to go all-cassetteless. 
At last count, over 400 Picker cassetteless installations were in operation 
or on order around the world. Picker Corporation, 595 Miner Road, 


Cleveland, OH 44143. f 
PICKER 


ONE OF THE CIT. COMPANIES 





CHARLES C THOMAS * PUBLISHER 


ROENTGEN EXAMINATIONS IN ACUTE ABDOMINAL DISEASES (3rd Ed.) by J. Frimann-Dahl. 
Ulleval Hospital, Oslo, Norway. This new third edition is completely revised with 133 new black and 
white illustrations and two new color illustrations. Written for radiologists and students in diagnostic 
radiology, this book also serves as a guide and support for surgeons involved in this important and 
difficult emergency field. The book is primarily concerned with roentgen anatomy of the abdomen and 
unusual or normal variations. The diagnosis of the most important acute abdominal diseases is also 
covered including the following cases: the situation in which the actual lesion can be diagnosed on 
plain films only, the lesions which may be observed by repeat examinations, and emergency cases in 
which diagnosis must be made immediately. Acute abdominal diseases are among the most frequently 
referred cases. It is shown that roentgen examination is often decisive in the diagnosis and correct 
treatment which may save the life of the patient. Because there is often no opportunity for prolonged 
discussion of the cases, it is very important to have a book in which information can be sought 
concerning the actual case. The book begins with a discussion of procedure and technique including 
apparatus, quality of the films and use of contrast media. Normal findings are discussed for the 
peritoneal cavity, the development of peritoneum and alimentary canal and the roentgen anatomy of 
the abdomen. Normal variations of the roentgen anatomy of the intestinal tract and of the flank are 
reviewed along with the accumulation of gas and occurrence of fluid levels. Some abdominal diseases 
discussed are strangulating and obturating obstruction, mechanical obturation of the large bowel, 
congenital malformations causing intestinal obstruction, hernias. intussusception, volvulus and 
intestinal knot syndrome. Roentgen examinations are discussed for diagnosis in mesenteric thrombosis 
and strangulation, abdominal angina, acute regional enteritis, acute appendicitis, acute colitis, acute 
cholecystitis and pancreatitis, ulcer perforation of the stomach and duodenum. gynecological lesions 
and lesions in the urinary tract. Also discussed are rupture of the diaphragm, liver, spleen, kidney, 
stomach, duodenum, small intestine, colon and aneurysms. 74, 632 pp., 614 il. (4 in full color), 
$29.50 


THE BIOLOGICAL AND CLINICAL BASIS OF THE FUNDAMENTALS OF RADIOLOGICAL 


RADIOSENSITIVITY. £dited by Milton Fried- SCIENCE by John Hale, Hospital of the Univ. of 


man, /nstituto Regina Elena, Rome, Italy. (35 Pennsylvania, Philadelphia. This book is invalu- 
Contributors) Which are the most important able for the study of the fundamentals of 


factors influencing radiosensitivity? At which 
biological level do major effects occur? What are 
the differences between radiosensitivity and 
chemosensitivity? What clinically useful informa- 
tion can be derived from cell survival curves? Can 


the variation in sensitivity during each phase of 


the cell cycle be used to improve the ultimate 
radiation effect? Has hyperbaric oxygenation 
resulted in increased cure rates? Should its 
possible usefulness be explored further, or should 
it be abondoned? At the preclinical level, the 
lethal dose for each tumor in man is depicted. 
Combined radiation and chemotherapy is evalu- 
ated not only for potential benefits, but also for 
possible disruption of efficient irradiation; the 
neglected field of dynamic radiation pathology is 
examined; and, finally, the validity of a number 
of radiobiological laws is analyzed during the 
treatment of squamous cell carcinoma. 74, 
about 589 pp. (7 x 10), 373 il., 67 tables 





Orders with remittance sent, on approval, postpaid 


radiological science, the primary aim of which is 
to bring the student to an understanding of a 
relatively few basic principles. From this, the 
student should be able to continue to assimilate 
new ideas and methods through his professional 
life. A body of basic scientific knowledge is 
presented that is common to the four fields of 
applied radiological science, that is radiotherapy, 
clinical nuclear medicine, diagnostic radiology 
and radiation safety physics. The subject matter 
is divided into a review of basic mathematics, 
basic physical concepts, atomic and nuclear 
physics, machines for producing radiation and 
the radiation field, interaction of radiation of 
matter, dose kerma and exposure. While the 
book is directed toward first-year physicians, it 
should also be useful as a beginning text for 
physicists and engineers who are interested in 
radiological physics or health physics. '74, 356 
pp., 172 il., 3 tables, $14.75 
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THERMOGRAPHY is recognized for early 
detection of breast cancer 


THERMOGRAPHY i$ important in the dia 
of orthopedic problems,vascular disor‘ 
inflammatory conditions and other di 
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AGA THERMOVISION’is used in more hospitals 
around the world than the next two 


pen "Ln | wyr 














Only AGA Thermovision 


Offers these unique features: 








© Fast High Speed Scanning. 
For continuous dynamic 
. Image presentation. 


o Isotherm Function. 
Mapping heat patterns 
within .1C. 


oO Color Monitor. 
Essential for observation 
of thermal transients. 


© Interchangeable Optics. 
For variable field of view. 


This 12-page brochure 
gives you detailed information 
on AGAThermovision and 
Medical Thermography. 
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AGA Corporation, 550 County Avenue, Secaucus, N.J. 07094 
phone (201) 866-3344 


[.] Please send me the AGA Thermovision brochure. 


[ ] Please phone me to arrange a personal discussion or demonstration. 


name - ; " .. fitle. 











affiliation — 








address 








city TE ———Sstate | | — zipcode 
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Give Your. l 
Diagnostic Equipment 


a Better Image 
with Machlett Cesium Iodide Systems 


A Machlett Dynaview or Dynavision image intensification 
system with cesium iodide imaging tubes can easily integrate with 
and improve your conventional fluoroscopic equipment. Here’s 
how: Machlett imaging systems with advanced cesium iodide tubes 
develop higher image contrast, a flatter image field, greater image 
brightness, and much higher image resolution. The result is maxi- 
mum image capability with a choice of imaging systems for general 
and urological fluoroscopy: 6" or 9" viewing tubes . . . single or 
dual fields. 

Dynaview with mirror optics . .. Dynavision for television 
viewing. Both are compatible with existing x-ray equipment and in 
most cases, cost less than competitive units. Two more reasons to 
always specify Machlett. * 

For complete data, contact your x-ray dealer or Machlett 
Laboratories, Inc., a subsidiary of Raytheon Company, 1063 Hope 
Street, Stamford, Connecticut 06907. Tel. (203) 348-7511. 
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| CRONEX.4_MEDICAL X-RAY FILM 100... 
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Who said 


three: 


a Crowd: 


[n reality, it's a healthy competition. A further choice. 
Let's face it, Eastman Kodak, Agfa-Gevaert and DuPont 
all manufacture the highest quality medical x-ray film available. 
And we all sell it in a variety of standard sizes and 
emulsions to meet your every diagnostic need. 
So your choice of films must be based on another reason. 
If it's innovation, Agfa-Gevaert is a leader in the 
k industry with continuing research and development aimed at 
providing products that keep pace with the rapidly changing 
demands of radiology. 
If it's service, we supply our accounts direct, through 
a network of distribution centers located throughout the country. 
If it's price, we sell direct, and maybe, just maybe, youl 
find Agfa-Gevaert film a little more economical. 
So if you think three's a crowd, think again...it's 
your choice. 
Agfa-Gevaert..for a lot of reasons. 
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y A Division of IPCO Hospital Supply Corporation 
400 Columbus Avenue, Valhalla, N.Y. 10595. (914) 769-5900 


X-RAY 





COPY FILM 


35mm Direct Positive Black & White Film. Copy X-Ray 
film without loss of detail of the radiographic image. 
Film duplicates exact tonal gradations of X-Ray image. 
Film is processed, mounted and returned within 3 days 
after arrival. 36 Exp. ASA 64 cost per roll .......... $4.45 . 
Please add 506 per roll on orders of 3 or less to defray 
some of shipping costs. 


SEND FOR FREE SAMPLE SLIDE 


SERVING THE NEEDS OF DOCTORS, AT THE 
SAME LOCATION FOR OVER 20 YEARS, WITH 
CONVENIENT ONE STOP SHOPPING 

* Full line of Cameras and Photo Equipment 

Name Brand Appliances 

T.V. Stereo, Radio and Audio Components 

Complete Mail Order Service (orders shipped by UPS) 


Mail and Phone Orders Gladly Accepted 
(Please add estimated shipping costs) 


| (212) 792-3615 
if’ PROFESSIONAL COURTESY EXTENDED 


> DOCTORS’ CAMERA 


Dept. A * 1240 Castle Hill Ave. e New York, N. Y. 10462 














Bind Your 
Journal Issues 
Into Valuable 

Vigilant Volumes 





Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them "Vigilant Volumes"; they 
so carefully store and provide on instant notice so much knowl- 
edge of timely value. 


The cost per "'Vigilant Volume," by official commission from the 
journal publishers is but $5.95 per volume, permanently hard bound 
in washable buckram, gold embossed with period dates, journal 
name and special insignia—plus your name stamped in gold leaf. 
"Vigilant Volumes'' are handsome library additions too, real con- 
versation pieces. These volumes are bound in the authorized colors. 


HOW TO ORDER 
Simply ship your journal issues to us via parcel post, together with 
your name, address, AND REMITTANCE, at $5.95 per volume. Within 
45 days after receipt, bound volumes will be shipped to you. Price 
subject to change without notice. Please remit 50g per volume for 
return transportation and handling. 


PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Authorized Binders of All Journals) 
4440 W. Roosevelt Rd. 
Chicago, Iilinols 60624 


























CHARLES C THOMAS « PUBLISHER 





THE SPLEEN by A. I. S. Macpherson, John 
Richmond and A. E. Stuart, all of the Univ. of 
Edinburzh, Edinburgh, Scotland. The histological 
anatomy of the spleen and splenic circulation is 
examined with particular reference to electron- 
microscepic findings. The cell population of the 
spleen and its place in immune responses have 
been reviewed. The technique and risks of 
splenect-my and other aspects of splenic disease 
and injury are considered along with results of 
splenectcmy in the treatment of diseases which 
involve -he spleen. The place of laboratory 
investigations, and especially of tests using radio- 
isotopes. is fully examined. '73, 290 pp., 97 il. (6 
in full cosor), 7 tables, $15.75 


NONTOXIC GOITER: Concept and Controversy 
by Joel — Hamburger, Northland Thyroid Labo- 
ratory, Southfield, Michigan. This volume pro- 
vides an m-depth discussion of the methodology 
and interpretation. of thyrcid scanning. The 
section cn simple goiter reduces the problem to a 
stepwise orogression, outlined on the flowsheet, 
which pe-mits an efficient determination of the 
general -athophysiologic category and proper 
managerrent. Clinical evaluation of thyroid nod- 
ules for r-alignant potential is examined in detail, 
including instructions on the most effective way 
to examime the thyroid gland. Thyroid cancer is 
examinec from the standpoint of pathology, 
surgical management and radiation therapy. ’73, 
232 pp., 75 il., 13 tables, $9.75 


INDICATIONS AND ALTERNATIVES IN 
X-RAY EIAGNOSIS: A Guide to the Effective 
Employment of Roentgenologic Studies in the 
Solution of Diagnostic Problems (2nd Ed.) by 
Melvyn H. Schreiber, Univ. of Texas, Galveston. 
This illustrated volume describes the various 
types of roentgenologic examinations available 
for unravzlling diagnostic problems. Provided is a 
thorough background in the uses to which 
ordinary and special x-ray studies may be put, 
with alteraatives emphasized for situations where 
the indicated examination cannot be performed 
or when more than one kind of examination is 
available for the solution of a specific problem. 
74, abou* 185 pp., 98 il. 
Prepaid orders sent postpaid, on approval 
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Are you developing blisters 
just getting to your processor? 


This is Sakura's QX-Matic-S 
2-minute processor. It's small 
enough (and inexpensive enough) 
to go anywhere. You can put one 
in the operating room. You can 
put one in the emergency room. Re 
You can even put one in the special 
procedures room. 


All of which is very good news for people 
who ve been hiking all the way to a cen- 
tralized processor. The QX-Matic-S can 

de-centralize your entire processing Sakura Medical Corp., 57 Bushes 
operation. Put fast, reliable processing AF Lane, Elmwood Park, N.J. 07407 
within a few steps of where it's needed. Phone (201) 794-0800. 


©) 


The QX-Matic-S has an optional automatic 
feed and take-up for roll and cut film 

that eliminates hand feeding. Can 
be converted to 34-minute oper- 
ation at no extra cost. And features 
a self-contained replenishing 
system(for both developer and fixer) 
that operates automatically. 

To get all the facts on our easy-to- op- 
erate QX-Matic-S, contact us or your 
local distributor. 
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More and more 


hospitals are warming 
up to this | 
thermographic 


image. 


Quantitative diagnostic information 


is one reason. Another reason is 
proven performance. And the 
Spectrotherm thermographic 
system from General Electric has 
established the state of the art 

in both areas. 


True, whether your interest lies 

in early detection of breast 
cancer, or if it lies in the need for 
a valid diagnostic tool for 
peripheral vascular disorders, 
incipient stroke, rheumatology or 
burn therapy. 


The system's high resolution 
thermographic image features 
525 lines; a total of 315,000 bits 
of information per image 
achieved in only 2 seconds. 
Greater anatomical and thermal 
detail results. 








Reading time for all this data: only 
about half that of thermograms 
with other instruments. One 
reason, in addition to image 
quality, is Spectrotherm 2000 
system's graphic temperature 
profile which presents a 
quantitative thermal comparison 
across any pre-selected line of 
the image. 


To achieve this performance, 
with seated or supine patients, 
the system integrates an infrared 
scanner, controlling electronics 
and a real time or stored image 
display in a single compact 
instrument. An instrument so 
sensitive it detects temperature 
variations as slight as 0.2? C. An 
instrument that combines speed 
with simplicity of operation. 
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Proven performance in 
thermography. Hospitals are 
getting it now. You can too. 


Write today for GE's 
comprehensive bibliography of 
recent articles on clinical 
procedures, plus Spectrotherm 
system case histories. 


General Electric 
Medical Systems, 
Milwaukee, Toronto, 
Liege, Madrid 


ctrotherm 


2000 
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Breast Gancer: 
earlier warning system 





Futility and frustration beset the phy- demonstration projects. Supported by 
sician confronted with breast cancer. grants of $2-million from the ACS and 
For the last 35 years, the survival rate  $4-million from the NCI, 20 such cen- 
has not significantly changed despite ters are expected to be operative 
intemsive educational programs across the country by the end of the 
aimed at earlier detection, and im- year. Each will screen at no charge, 
provement in treatment techniques. approximately 5,000 women an- 

Whatistheoutlook? m dE a, | meu nually, in what is 
We know the key to re- Mi 3 considered to be the 
ducing mortality from ; »/ 3 ideal detection pro- 
breast cancer is in the gram — to include 
earliest possible diag- "E a clinical examination, 
nosis. The stage at ~ i | mammography and 
which breast cancer "rcm thermography. Each 
is detected is crucial —- / "of these detection 
to the outcome of , methods contributes 
treatment. By the time ^ independently to the 
a lump is discovered mue ' detection of breast 
through BSE or clini- EE Sram seme. NE Cancer, and none can 
cal examination, criti- Ij a. | be dispensed with in 
cal time may have E 3. G | the search for early 
been lost. E, ^ MEN i BH disease. 

And we do have Lum Br. ou , WM At present we can- 
the means to achieve /™ 02 not prevent breast 
earlier diagnosis. We ! cancer, but the poten- 
do have an earlier = = - - "AN tial for saving more 
Warning System. Tama mr lives is immense. The 
Mammography and thermography five-year survival rate changes dra- 
can detect breast cancer before a , matically from 53% when axillary 













lump is discernible by palpation. nodes are positive, to 85% when 
To demonstrate that it is prac- the disease is localized, to nearly 
tical and feasible to detect breast 100% for in-situ cancer. 

cancer earlier by using these modal- We have an earlier warning sys- 
ities, the American Cancer Society tem. Let’s use it. 


funding a network of breast cancer EMEP IGAll Cancer society 





Yes... youre 
a candidate 
for Heart Attack 


You can reduce your risk by 

e Not smoking cigarettes, 

e Eating foods low in animal fats and cholesterol, 
e Reducing if overweight, 

e Exercising regularly, moderately, 

e Controlling high blood pressure, 

e Seeing your doctor regularly, 


and by supporting your Heart Association's pro- 
grams of research, education and community 
service. 


FOURS HEART FE ND 
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The following patients with proved primary squamous-cell 
carcinoma of the lung demonstrate the application of knowl- 
edge, diligence, and exquisite roentgen technic in the 
achievement of radiologic excellence. 


Ca 
pee “ 


Case I—This 45-year-old lady had 
mild cough for several weeks; there 
were no other subjective or objectivé-— 
clinical findings. 

The first roentgen examination o 
her chest, Fig. A, revealed an ill-definec 
mass in the right upper lobe (arrow 
which the radiologist thought compa 
ble with early bronchogenic carcinom 
The patient’s physician was not com 
vinced. 

Three months later, Fig. B, the | 
sion seemed less well defined. 

At the insistence of the radiologist 
tomographic studies were made, Fig. C 
which revealed an irregular mass (a) 
an eccentric cavity with a relatively 
thick wall (b), and fine pseudopods (c 
all hallmarks of primary lung malignancy 


radiographs and caption material from the American 
;olege of Radiology —- An Atlas of Tumor Radiology — 
‘earbook Medical Publishers, Inc. Reprints of this and 
ubsequent reports available upon request. Please write 
-astman Kodak Company, Dept. 740, Radiography Mar- 
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Case I|—This 54-year-old man had 
no clinical complaints; his roentgen 
study was part of a routine clinical 
examination. 

The patient's first roentgeno- 
gram, Fig. A, was considered to be 
within normal limits except for a 
healed scar (arrow) in the right lung. 

Three years later the patient 
had another routine clinical exami- 
nation. He was still symptom free. 
At this time, Fig. B, the “scar” in 
his right lung looked more like an 
irregular mass (arrow). Any doubt 
concerning its malignant nature 
was dispelled by the tomographic 
study, Fig. C, which revealed a thick 
walled cavity (a) that was situated 
eccentrically in an irregularly lobu- 
lated mass (b) and from which radi- 
ated pseudopods (c). 





Our commitment to quality—and to you—is one of 
the reasons you can have confidence that the Kodak 
x-ray film you use will dc the job you want it to do. 
And do it well. 

And you can have equal confidence that the x-ray 
film you need for your diagnostic program is available 
from Kodak, because we give you a broad range to 
choose from—each film dəsigned for a specific medi- 
cal radiographic requirement. 

And now, we are extending your choice with the 
KODAK X-OMATIC Films—a totally new approach to 
improved image quality. 

Each of these films cives you the timesaving ad- 
vantages of automatic 9%œsecond proc- 
essing. 

Contact your Kodēk Technical 
Sales Representative for a demonstra- 
tion or consult your medizal x-ray prod- 
ucts dealer. 
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I-Iema-Schonander 


General Electric 


Ilford X-Ray 


Medi- Tech 
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Searle Radiographics 


Varian Radiation 
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accurate index. Occasionally this may not 


be possible because of a last-minute change or an omission. 
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Anterior and posterior images taken with the latest of the Pho/Gamma Series 


NEW PHO/GAMMA IV 

Scintillation Camera 

a Improved intrinsic resolving 
capab lity 
Diagnostic uniformity from 
50keV to 640keV 
Diagnostically valid even 
when peaked off spectrum 
by 10-20%. : 
Insensitive to spectral 
peakirg 
Unsurpassed linearity 
Most versatile imaging 
instrument available 


-volutionv Resolutio 


For comolete specifications, 
write or phone your Searle Raciograpes Representative 


Searle Radiographics Inc. 


SEARLE Subsidiary of G. D. Searle & Co. 
20C0 Nuclear Drive 

: Des Plaines, Illinois 60018 
312-298-6600 
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Clean bowel means clear picture. X-PREP Liquid 
esigned specfically for preradiographic bowel cleansing — 
without 2namas, suppositories, or overhydration. 


Good-to-excellent visualization is usually obtained 
with a single, simple dose.* No residual oil droplets 
as is often -he case with castor oil) obscure the picture. 


leasant taste of X-PREP Liquid meets with high patient 
acceptance * Simplicity and ease of administration 
are appreciated by the patient at home, by 


ths nursing staff at the hospital. 
*References available on request. 
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0 prep the bowel for radiography 


Gray Pharmaceutical Co., Affiliate 
The Purdue Frederick Company 
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A world premiere for the THERAC 6 — AECL’s first unit 
in the new series of linear accelerators. 


First showing of THERASIM 750, AECL's remarkable new 
universal simulator. 


Both these units will be operational in AECL's Booths at 

the RSNA. Handle the simple control systems. 

— Let your own fingertips tell you about the ease of operation 
— the viability, the performance, the precision and the 
versatility that is now available to your clinic. 

We invite you to share new concepts at RSNA. 





-IRST IN THE FIELD 





AECL has always been the world leader in teletherapy equipment 

for the treatment of cancer. — Ever s nce this firm introduced the world's 
first commercial Cobalt 60 unit to the medical profession. 

Only this long experience in the technology of cancer treatment 
facilities could make possible the production of units you will 

see displayed at the Radiological Soziety of North America Meeting 

in Chicago 1974. 
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200 cc. 


MEGLUMINE DIATRIZOATE 
a AND SODIUM DIATRIZOATE 


0% INJECTION) 


quantity sufficient for combined procedure—selective coronary 
rteriography with left ventriculography 
extra convenience—a single bottle to open 
cap may be removed or spiked 
Also available: 20 cc. and 50 ce. single-dose vials for other procedure 
Renografin-76 is indicated for excretion urography, aortography, - 
ediatric angiocardiography, peripheral arteriography, selective 
»oronary arteriography, and selective coronary arteriography 
^»ombined with left ventriculography. 
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2nografin-76 is supplied as a sterile, aqueous 
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> a sequestering agent. The solution contains 
proximately 37% (370 mg./cc.) bound iodine 
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-ontrast media may promote sickling in 
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iodine per se or to other contrast media is 
; an absolute contraindication, administra- 
1 of diatrizoate requires extreme caution in 
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ems its use essential to the welfare of the 
ient since safe use during pregnancy has 
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ts prior to administration of Renografin-76 
ce iodine-containing contrast agents may 
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physema. In pediatric angiocardiography, a 
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dose; however, the absence of a reaction to 
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the test dose produce an untoward response, 
the necessity for continuing the examination 
should be re-evaluated. If deemed essential, 
examination should proceed with all possible 
caution. In rare instances, reaction to the test 
dose may be extremely severe; therefore, close 
observation and facilities for emergency treat- 
ment are indicated. 

Renal toxicity has been reported in a few 
patients with liver dysfunction who were given 
Oral cholecystographic agents followed by 
urographic agents; therefore, if kncwn or sus- 
pected hepatic or biliary disorcer exists, 
administration of Renografin-76 should be 
postponed following the ingestion of cholecys- 
tographic agents. Consider the functional abil- 
ity of the kidneys before injecting Renografin-76. 
Use cautiously in severely debilitated patients 
and in those with marked hypertersion. Bear 
in mind the possibility of thrombosis when 
using percutaneous techniques. 

In excretion urography, adequate visualiza- 

tion may be difficult or impossible in uremic 
patients or others with severely impaired renal 
function (see Contraindications). In aortography 
repeated intra-aortic injections may be haz- 
ardous; this also applies to pediairic angio- 
cardiography particularly in infants weighing 
less than 7 kg. (see Warnings). In peripheral 
arteriography, hypotension or moderate de- 
creases in blood pressure seem tc occur fre- 
quently with intra-arterial (brachial) njections; 
this is transient and usually requires no treat- 
ment. Monitor blood pressure durirg the im- 
mediate 10 minutes after injection. It is recom- 
mended that se/ective coronary arieriography 
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diagnosis of myocardial infarction; mandatory 
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personnel, ECG monitoring apparatus, and ade- 
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Antihistaminic agents may be of bene'it; rarely, 
such reactions may be severe enough to re- 
quire discontinuation of dosage. There have 
been a few reports of a burning or stinging sen- 
sation or numbness, of venospasm cr venous 
pain, and of partial collapse of the injected 
vein. Neutropenia or thrombophlebitis may 
occur. Severe reactions which may require 
emergency measures (see Precautions) are a 
possibility and include cardiovascular reaction 
characterized by peripheral vasodilatation with 
hypotension and reflex tachycardia, dyspnea, 
agitation, confusion, and cyanosis progressing 
to unconsciousness. An allergic-like reaction 
ranging from rhinitis or angioneuro!ic edema 
to laryngeal or bronchial spasm or anaphylac- 
toid shock may occur. Temporary renal shut- 
down or other nephropathy may occur. 

Adverse reactions as a Consequence of ex- 
cretion urography include cardiac arrest, ven- 
tricular fibrillation, anaphylaxis with severe 
asthmatic reaction, and flushing due to gen- 
eralized vasodilation. Risks of aortography pro- 
cedures include injury to aorta and reighbor- 
ing organs, pleural puncture, rena! damage 
(including infarction and acute tuthular necrosis 


procedure in presence of preexistent renal dis- 
ease, retroperitoneal hemorrhage from trans- 
lumbar approach, spinal cord injury an 
pathology associated with syndrome of trans 
verse myelitis, generalized petechiae, an 
death following hypotension, arrhythmia, an 
anaphylactoid reactions. In pediatric angiow 
cardiography, arrhythmia and death have oc 
curred. During peripheral arteriography, hemor 
rhage from puncture site, thrombosis of th 
vessel, and brachial plexus palsy (followine 
axillary artery injection) have occurred. Durin 
selective coronary arteriography and selective: 
coronary arteriography with left ventriculog 
raphy, transient ECG changes (most patients) 
transient arrhythmias (infrequent); ventricula 
fibrillation (from manipulation of catheter o 
administration of medium); hypotension; ches 
pain; myocardial infarction; transient elevatior 
of creatinine phosphokinase (occurred in abou 
30% of patients tested); fatalities have beer 
reported; hemorrhage, thrombosis, pseudo. 
aneurysms at puncture site, dislodgmento 
arteriosclerotic plaques, dissection of coronary. 
vessels, and transient sinus arrest have oc 
curred due to the procedure. 

For full prescribing information, consul* 
package insert. 
How Supplied: Available in 20 cc. and 50 cc 
single-dose vials and in 200 cc. single-dose 
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HUNT UNIVERSAL 90 CHEMISTRY 





WILL ACHIEVE OPTIMUM RESULTS 
WITH ANY MAJOR DOMESTIC 
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Universal 90Develope- & Replenisher — Log E Curves — 3M Films 





Universal 90 Developer & Replenisher — Log E Curves — KODAK Films 
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Universal 90 Develope & Replenisher — Log E Curves — AGFA Films 





Universal 90 Developer & Replenisher —Log E Curves — FUJI Films 
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Universal 90 Developer & Replenisher — Log E Curves — ILFORD Films 


Universal 90 Developer & Fepsenisher —Log E Curves — DUPONT Films 

















Universal 90 Developer & Replenisher — Log E Curves — GAF Films 





The facts support the results. 


Fact. Hunt has compiled extensive 
sensitometric data on major brands of 
domestic and foreign emulsions processed in 
Universal 90 and in competitive chemistr es. 
Your Hunt representative would be pleased 
to review the data with you. 

Fact. Radiologists are now being proviced 
with optimum diagnostic information in long 
and short scale films—with one chemistry. 
Ihe Hunt Universal 90 System offers wice 
latitude in processing to hold the desired 
contrast range. 

Fact. Universal 90 Developer & 
Replenisher minimizes fog to reveal more 
image detail in any radiograph and offers 


Fact. Your Hunt Technical Sales 
Representative is ready to assist you. His 
chemical/processor knowledge can help you 
establish a day-in day-out control program for 
maintaining high quality results with your 
choice of films. As an additional service he can 
help keep your processor operating at peak 
efficiency, and optimize the amount of silver 
recovered from your fixer. 

Contact Hunt at any one of 20 branches 
and sales offices in the 
United States and Canada. 


Philip A. Hunt 
Chemical Corporation 
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‘Ouesto e'un fantastico 
° » 
acceleratore lineare 


Jf Leonardo were alive today, he'd 
really appreciate our linear ac- 
celerators. Because he was an 
innovator. And so are we. 

In fact, our MEVA- 
TRON series of linear 
accelerators has consis- 
tently pioneered most of 
the major advances in 
the field. 

For example, all these 
are MEVATRON firsts: 
* Retractable Beamstop- 
per * 270? Bending 
Magnet * Digital Field 
Size Readout * Indepen- 
dent (Ellis) Jaws * Phase 
Detection AFC System * Dual Dosimeter ot 
* Dose Rate Interlock © Swivel-Top Treat- 
ment Couch. : 

In addition to the convenience features 
of Mevatron VI, the advantages of 6 MeV 
X-Ray therapy include lower primary and sec- 
ondary skin dose, improved depth dose, less 
side scatter, and improved tumor-to-to al 
dose ratio. And round-the-clock utility is 
strengthened by a radiographic mode, arc aad 
















Leonardo daVinci 


full rotation operation, a compact design that fits 
most existing facilities, and a set of isodose 
charts. 

You can learn more about Applied Radia- 
tion's Mevatron VI by asking one of our 
representatives to call on you, by visiting a 
clinic now using a Mevatron VI, or by sending 
for a free descriptive brochure. 

In the United States, write or call Applied 
Radiation, Department [J-6; Walnut Creek, 
California 94596. Telephone |415) 935-2250. 

Qo c— In Europe, contact 
nes SIEMENS AG, Medical 
Engineering Group, Henke- 
| str. 127, Erlangen, Germany. 
Telephone (09131) 84-2423. 

In Britain: Sierex Ltd., 15/18 
Clipstone St., London WIP 
8AE, Telephone: 01-580 2464. 

Remember, all linear accel- 
erators are not created equal. 
There is one that shows a little 
bit more genius. 
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Announcing two new firsts from 
Halsey/Radelin 
your prime source for quality X-ray accessories. 


COMP-I-SETTE* 


CHRON-I-SETTE ° 


CUSR unre STATES RADIUM CORPORATION 






Send for 
this new 
complete 
cassette, 

screen, 
| grid 
. catalog. 
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Medical Products Division 

UNITED STATES RADIUM CORPORATION 

1425-37th Street, Brooklyn, N.Y. 11218 

(212) GE 6-1700/ TWX 710-584-2358 

O Send complete details on COMP-I-SETTE. 

O Send complete details on CHRON-I-SETTE. 

O Call me to schedule an appointment to demonstrate 
CHRON-I-SETTE 

O Send your new Cassette/Screen/Grid catalog. 


Name Title 


Affiliation 
Address Fhone No. 
City State Zip 











make Special Procedures routine procedures 
SCHONANDER ve! ( 


CUTFILM CHANGERS 


BASIC FEATURES: 


3 exposures per second 
Biplane—simultaneous or 
alternate exposures 3 MODELS: 
U-35 film size 14” x 14” for ab- 


20 films capacity dominal, peripheral, thoracic 


and cerebral angiography, incl. 
Punch card control magnification technique. 


Stands for various applications L-35 film size 14” x 14” has 
“see-through” capability for ex- 
posure monitoring on TV. 
U-24 film size 24 x 30 cm (abt. 
912" x 1134") fine detail, film- 
saving changer, especially 

For further information, suited for cerebral angiography. 
contact your local 
supplieror write: 





Announcing the 


MV 300A 


300 FILM 
MOTORIZED 


X-RAY 


Only 99%” Wide, 93 9/16" High, 28 9/16" Deep, 
15" Wide Formica shelf. 
300 Film capacity, 50—6 bank panels. 


Built and designed same as the MV200A 200 film 
S & S Motorized Viewer with new modular construc- 
tion for easy delivery in sections and quick installation. 





VIEWER 


READ 12 FILMS 


Six 
Over Six 


Now the Jumbo 6 over 6 300 Film Motorized 
Viewer, the only viewer made to read 12 — 
14 x 17" films or 84" wide panels of smaller 
film sizes. Individual control of light (bright, 
normal or off) for each of the 12 films. 50-6 
Banx wide plexiglas viewing panels. 





Fast action—60 Second maximum access time 
to any film. The 50 button—MV200C Selector 


is available for automatic case retrieval. 


Hundreds of MV200A are in use. Radiologists 
agree it is the best and now the MV300A 
offers still greater value; easier reading, larger 
capecity, faster action, minimum floor space 
and lowest cost per film! 





MANUFACTURED BY: 
S. & S. X-RAY PRODUCTS INC. 


87-93 JAY STREET, BROOKLYN, N.Y. 11201 
Telephone: 212-852-6900 








ONE OF THE MANY S. & S. ACCESSORIES SOLD BY YOUR LOCAL X-RAY DEALER 


MV300A 300 Film Viewer 

MV200A 200 Film Viewer 

MV200C Selector 

FOE Brooklyn, N.Y. 

Brochures, Dimensions & Users List on request. 
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SMALL BOWEL IN IMMUNOGLOBULIN 
DEFICIENCY SYNDROMES 
By RICHARD H. MARSHAK, M.D.,* CHARLES HAZZI, M.D.,4 
ARTHUR E. LINDNER, M.D.,t and DANIEL MAKLANSKY, M.D.§ 


NEW YORK, NEW YORK 


T frequent occurrence of gastroin- 
testinal disturbances in the various im- 
munoglobulin deficiency syndromes was 
recognized soon after congenital agamma- 
globulinemia was first described by Bruton 
in 1952.5 In fact, diarrhea and steatcrrhea 
were features of the first reported case of 
idiopathic acquired (late onset) aypo- 
gammaglobulinemia?? and were estimated 
in an early report to occur in 20 per cent of 
such cases.! The occurrence of a sprue 
syndrome® and of pernicious amemia 
and atrophic gastritis??? in assoc ation 
with late onset hypogammaglobulimemia 
was soon recognized. A group of patients 
with acquired dysgammaglobulinemia was 
then identified,’ characterized by nodular 
lymphoid hyperplasia of the mucosa and 
submucosa of the small intestine, with 
diarrhea and an unusual susceptibility to 
infection with Giardia lamblia. This infec- 
tion has also been detected with undue 
frequency in other intestinal immunode- 
ficiency syndromes,’ as well as in alpha 
chain disease (Mediterranean lymphoma). 


CLINICAL CLASSIFICATION 


Recent discoveries in cellular immunol- 
ogy have contributed greatly to our under- 
standing of the pathogenesis of diseases 
related to immune mechanisms. Of par- 
ticular help has been the division of lym- 
phocytes into thymus-processed T-cells, 
responsible mainly for cell-mediated, de- 
layed type immune response, and unpro- 
cessed B-cells of bone-marrow origin that 
are involved in humoral, immunoglobulin- 
mediated immunity. 

This paper is concerned with the im- 
munoglobulin deficiency syndromes, pre- 
sumably due to a deficiency in B-cell num- 
ber or function, as opposed to cellular im- 
mune defects such as Hodgkin’s disease 
that involve T-cells. Classification of these 
diseases 1s made difficult by the wide range 
of immunologic findings in patients suf- 
fering from them. Important factors to be 
considered in an attempt to classify the 
primary idiopathic immunodeficiencies are 
inheritance, association with certain well- 
defined clinical abnormalities, measure- 
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TABLE I 


IMMUNOGLOBULIN DISORDERS WITH GASTRO- 
INTESTINAL MANIFESTATIONS: CLINICAL 
CLASSIFICATION 


I. Primary 


A. Variable immunoglobulin deficiency 
1. Hypogammaglobulinemic sprue 
2. Hypogammaglobulinemia with pernicious 
anemia and atrophic gastritis 
3. Dysgammaglobulinemia with nodular lym- 
phoid hyperplasia of the small bowel and 
giardiasis. 
B. Selective IZA deficiency 
1. IA deficient sprue 
2. Nodular lymphoid hyperplasia of the small 
bowel (uncommon) 


Il. Secondary 


A. Decreased immunoglobulin synthesis or in- 
creased synthesis of abnormal immunoglobu- 
lins (¢.g., plasma cell dyscrasias including 
Waldenstróm's macroglobulinemia and alpha- 
chain disease, lymphosarcoma, chronic lym- 
phatic leukemia) 

B. Increased immunoglobulin breditdosh and 
loss (e.g., exudative gast-oenteropathies, in- 
testinal lymphangiectasia) . 

C. Amyloidosis 


ment of immunoglobulin levels, and esti- 
mation of both number and function of 
T-cells and B-cells.” None of these factors 
taken alone or in combination is satis- 
factory, however, for a really adequate 
classification. 

The enteropathic immunoglobulin de- 
ficiencies are predominantly of acquired 
adult-onset type, since the infantile forms 
are rarely associated with gastrointestinal 
symptoms.? They may be either primary 
(idiopathic), or secondary to some other 
disease involving the gastrointestinal tract 
such as the exudative enteropathies and 
various lymphoreticular malignancies. Pri- 
mary acquired late-onset immunoglobulin 
deficiency. was initially divided into pri- 
mary acquired agammaglobulinemia, with 
low levels of all 3 of the then-known im- 
munoglobulins (I,A, I,G and I,M) and 
dysgammaglobulinemia, with deficiency of 
only 1 or 2 of them." Three types of dys- 
gammaglobulinemia were described: Type 
I, the most common, with deficiency of 

emm «7 
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I,A and I,G; Type II with decrease of 
I,À anc I,M; and Type III with isolated 
absence of I,A. 

It is now apparent that these primary, 
late-onset immunoglobulin deficiency syn- 
dromes are a heterogeneous group, and 
that their classification based on various 
immuncglobulin patterns has not proved 
useful. In the classification recommended 
recently by an international World Health 
Organization committee,” selective im- 
munoglobulin (IA) deficiency was classed 
separately from the other common ac- 


quired primary hypo- and dysgammaglob- 


ulinemizs. These remain unclassified in 
the group termed by them "variable im- 
munodeficiency," comprising the majority 
of patients with immunodeficiency. 

It may be more useful for the purposes 
of this discussion to classify the various 
immunoglobulin disorders associated with 
gastrointestinal .manifestations into the 
following main groups (Table 1): 

I. PRIMARY IMMUNOGLOBULIN DISORDERS WITH 

GASTROINTESTINAL MANIFESTATIONS 


A. Variable Immunoglobulin Deficiency 


1, Hypogammaglobulinemic — sprue.9? 
Uniform depression of all immuno- 
globulin levels, with malabsorption 
and villous atrophy, but with ab- 
sence of plasma cells in the lamina 
propria and no response to gluten 
exclusion. 

2. Hypogammaglobulinemia with per- 
nicious anemia®® and atrophic gas- 
tr.tis, but with absence of antibodies 
ta parietal cells and intrinsic factor, 
frequent lack of response of the Bis 
malabsorption to exogenous intrinsic 
factor, and lack of the expected ele- 
vetion of the fasting serum gastrin 
level." There is villous atrophy and 
lack of plasma cells in the small 
bcwel. 

3. Dysgammaglobulinemia with nodu- 
lar lymphoid hyperplasia of the 
small bowel.’ The immunoglobulin 
defect is incomplete and affects es- 
pecially I,A and I,M in most cases. 
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There is malabsorption and a high 
incidence of intestinal infection with 
Giardia lamblia, Strongyloides, Mo- 
nilia, bacteria and possibly viruses. 
Respiratory infections are frequent. 
The villi appear normal on small 
bowel biopsy, but there are few or no 
plasma cells found; lymphoid ag- 
gregates are seen. 


B. Selective I,A Deficiency 


I. L,A deficient sprue.?? Isolated I,A 
deficiency with gluten enteropathy, 
villous atrophy and presence of am- 
ple plasma cells in the lamina pro- 
pria, although these are abnormal in 
that they contain I,M and no J,A. 
There is no unusual susceptibility 
to infection. 

. Isolated I,A deficiency with nodular 
lymphoid hyperplasia also occurs,! 
although it is more commonly asso- 
ciated with dysgammaglobulinemia. 


to 


It must be noted that in several instances 
a single patient will show a combination of 
features, such as nodular lymphoid h-rper- 
plasia and giardiasis together with sprue- 
like villus atrophy,!* rendering his disease 
difficult to classify according to the above 
scheme. There is an increased incidence of 
gastric! and colonic!’ carcinoma, as well as 
lymphoma of the bowel,™ in all these en- 
teropathic types of immunoglobulin de- 
ficiency. 

One or more of the following factors may 
contribute to the etiology of the malab- 
sorption that is so frequent in primary 
hypogammaglobulinemia: intramural in- 
testinal infection; intraluminal bacterial 
overgrowth; Giardia lamblia; gastric 
achlorhydria; pancreatic insufficiency: and 
gluten sensitivity. The intestinal mucosal 
alterations may be secondary to bacterial 
or parasitic infection and often improve 
after their eradication.?? 


II. SECONDARY IMMUNOGLOBULIN DISORDERS WITH 
GASTROINTESTINAL MANIFESTATIONS 


A. Decreased immunoglobulin synthesis 
and/or increased synthesis of abnormal 
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immunoglobulin fragments. This dis- 
order is found in Waldenstróm's macro- 
globulinemia, alpha-chain disease and 
other plasma cell dyscrasias. It has also 
been found in well differentiated lym- 
phosarcoma (lymphocytic lymphoma) 
and chronic lymphatic leukemia. It 1s of 
interest that whereas these latter 2 rep- 
resent disorders of humoral immunity, 
Hodgkin’s disease reflects a derange- 
ment of T-cell function and cell-medi- 
ated immunity.! 

Alpha-chain disease ("Mediterranean 
lymphoma”) is a condition character- 
ized by a diffuse plasma cell prolifera- 
tion affecting the I,A secretory system 
and synthesizing an abnormal immuno- 
globulin fragment which is part of the 
heavy chain of I,A (alpha-chain).*?» In 
nearlv all cases the plasma cell infiltrate 
has involved the whole length of the 
small intestine and mesenteric lymph 
nodes, although a respiratory form of 
the disease has also been reported. The 
clinical picture is usually that of a se- 
vere malabsorption syndrome affecting 
males or females generally in their sec- 
ond or third decades. The serum con- 
tains free alpha-chain with reduced 
levels of I,G, I,M and albumin. The 
pathologic counterpart is an abdominal 
lymphoma, originally termed Mediter- 
ranean lymphoma because of the pe- 
culiar ethnographic distribution of most 
of the earlier reported cases. Whether 
alpha-chain disease starts as a benign 
hyperplastic process or is malignant 
from its onset has not been determined. 


B. Increased immunoglobulin breakdown 
and loss secondary to exudative gastro- 
enteropathies, including intestinal lym- 
phangiectasia.?? The effect is similar to 
the losses that occur with the nephrotic 
syndrome and exfoliative dermatitides. 
The major fall here is in I,G associated 
with loss of albumin, together with 
lymphopenia when secondary to in- 
testinal lymphangiectasia. 


C. Amyloidosis.? Nonspecific immunoglob- 
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ulin abnormalities such as elevated 
or depressed serum levels of I,A, I,G 
and I,M, are frequently encountered in 
all types of amyloidosis, while M-com- 
ponents are found in the serum or urine 
of most patients with amyloidosis asso- 
ciated with lymphoproliferative dis- 
orders. 


ROENTGEN FEATURES 


With this clinical classification in mind, 
we have organized the roentgenographic 
manifestations of the enteropathic immu- 
noglobulin deficiency-syndromes into the 
following groups: 

I. Sprue (malabsorption) pattern, as seen 
in hypogammaglobulinemic sprue and in 
I,A deficient sprue. 

2. Multiple nodular defects, as seen in 
dysgammaglobulinemia and lymphoma. 

3. Inflammatory changes secondary to 
giardiasis. 

4. Thickening of small intestinal folds, 
as in amyloidosis, lymphoma, macro- 
globulinemia, plasma cell dyscrasias, and 
intestinal lymphangiectasia. 

The roentgen alterations are not neces- 
sarily confined to just one of the above 
findings and a patient may exhibit more 
than one of these features either simul- 
taneously or on successive examinations. 
In dysgammaglobulinemia, for example, 
the findings may be multiple. 


I. SPRUE (MALABSORPTION) PATTERN 


The roentgen findings in hypogamma- 
globulinemic sprue and in I,A deficient 
sprue are indistinguishable from those seen 
in celiac sprue, with dilatation of the small 
bowel, segmentation, fragmentation and 
scattering of the barium column, and with 
hypersecretion causing dilution of barium 
distally (Fig. 1). Transient nonobstructive 
intussusceptions may be observed. 

Rarely a sprue pattern is seen in diffuse 
intestinal lymphosarcoma. In such patients 
the distinctive roentgen features of lympho- 
sarcoma are also present, such as nodular- 
ity, ulceration and irregular thickening of 


the folds. 
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2. MULTIPLE NODULAR DEFECTS 


Multrple nodular defects are most com- 
monly seen in dysgammaglobulinemia in 
associaton with giardiasis, isolated I,A 
deficiency, diffuse immunoglobulin defi- 
ciency, and lymphosarcoma. 

Nodular lymphoid hyperplasia associ- 
ated with hypogammaglobulinemia affects 
predominantly the small intestine. Less 
frequen-ly the colon and rectum are in- 
volved. The characteristic roentgen feature 
is a un form distribution throughout the 
involved segment of intestine of innumer- 
able timy, smooth, nodular filling defects 
measuriag I to 3 mm. in diameter.!® The 
nodules are round and regular in outline 
and are not associated with other mucosal 
alterations. The small bowel is not dilated 
and the valvulae conniventes are not thick- 
ened or blunted. Microscopic examination 
of a peroral small bowel biopsy specimen 





Fic. 1. Hy pogammaglobulinemic sprue. The roentgen 
alterations are indistinguishable from celiac sprue. 
They imclude dilatation, especially of the jejunum, 
associated with thinning of the folds, fragmenta- 


tion, segmentation, and increased secretions. 
Hypogsmmaglobulinemic sprue is rare and a 
diagnos s by roentgen examination alone cannot 
be mad». 


Vor. 122, No. 2 
reveals the characteristic enlarged lym- 
phoid follicles within the lamina propria 
causing effacement of the villus pattern of 
the overlying mucosa and imparting a 
nodular or polypoid appearance” (Fig. 2-9). 

Although it is true that nodular lym- 
phoid hyperplasia is usually associated with 
immunoglobulin abnormalities, it can be 
seen in the absence of such serum altera- 
tions. Normal serum values are more com- 
mon when it is the colon that is invo ved. 
In children and young adults the terminal 
ileum alone may demonstrate multiple 
small symmetric nodules as a normal find- 
ing (Fig. 10). 

Diffuse lymphosarcoma of the smal in- 
testine may also result in multiple nodules 
visualized on the roentgen study. These are 
usually larger and may produce irregular 





Fic. 2. Dysgammaglobulinemia. 'This patient vas in- 
vestigated because of diarrhea. Her I,A levels were 
markedly reduced with borderline IG anc IM. 
There are numerous small, symmetric 2-2 mm. 
nodules throughout the jejunum and ileum with- 
out evidence of ulceration. It is of interest that 
despite the administration of 20 fluid ounces of 
barium, the nodules were easily demonstrated. 
The colon is normal. 
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Fic. 3. Dysgammaglobulinemia (magnified view of 
Figure 2). Symmetric small nodules are identified. 
This is an excellent example of the typical nodules 
of nodular lymphoid hyperplasia. 


scalloping of the bowel contour or a cobble- 
stone appearance. Ulcerations can fre- 


quently be demonstrated within the nod- 
ules. Rarely it can be very difficult to dis- 
tinguish nodular lymphoid hyperplasia 
from lymphosarcoma, and in these patients 
follow-up roentgen studies and small bowel 
biopsy may be required for differentiation 
(Fig. 11; and 12). 





Fic. 4. Specimen of distal ileum demonstrating nodular 


lymphoid hyperplasia. Histologic section revealed 
marked lymphoid hyperplasia. The appendix 1s 
visualized and is normal. 
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Fic. 7. Selective immunoglobulin A deficiency. There 
are numerous tiny nodules distributed throughout 
the entire small bowel, best visualized in the distal 
jejunum and proximal ileum. There is no evidence 
of increased secretions or ulcerations. This patient 
had vegue abdominal complaints with diarrhea. 
Follow-up studies revealed no change after a 
period of 3 years. Small bowel biopsy confirmed 
the diagnosis of nodular lymphoid hyperplasia. 





Fic. 5. Dysgammaglobulinemia with reduced 1,4, IjG and are usually limited to the duodenum 
and I,M. Numerous small nodules are seen dis- and jej inum.” There is spasm and irrita- 
tributed throughout the entire small bowel. bility, sight narrowing of the lumen with 

thicken ng and distortion of the folds. In- 


3. INFLAMMATORY CHANGES SECONDARY TO . . . 
creased intestinal secretions frequently 


GIARDIASIS 


The roentgen findings in Giardia lamblia 
infection are inflammatory in character 












4 


Fic. 6. Magnified view of Figure 5. The nodules are Fic. 8. Same patient as in Figure 7. Close-up of dis- 
well demonstrated. They ars characteristically tal duodenum and jejunum, exquisitely delineating 
small, round, regular, symmetric and demonstrate the tiry nodules typical of nodular lymphoid 
no evidence of ulceration. hyperplasia. 
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Fic. 10. Terminal ileum with nodular lymphoid ay per- 
plasia. This patient had no immunoglobulir defi- 
ciencies. The alterations were confined to the 
terminal ileum and consisted of small ncdular 
filling defects similar to those described above. 
When nodular lymphoid hyperplasia is restricted 
to the terminal ileum in young people, it is rarely 

of significance. 
»»—- 








cause blurring of the folds and sometimes 
fragmentation and slight segmentation of 
the barium column. Transit through the 
jejunum may be rapid. The ileum usaally 
appears normal (Fig. 13; and 14). 

When giardiasis complicates a hypo- 
gammaglobulinemic enteropathy, the 
above roentgen changes may be associated 
with the multiple tiny filling defects of 
nodular lymphoid hyperplasia (Fig. 15) 
or, less commonly, with the sprue ‘mal- 





Fic. 9. Same patient as in Figures 7 and 8. Magnified 
view of ileum. The multiple small nodues de- 
scribed above are again seen throughout the ileum. 
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Fic. 11. Lymphosarcoma. This case demonstrates the 
occasional difficulty in differentiating nodular 
lymphoid hyperplasia from lymphosarcoma. There 
are multiple small nodules, varying in size from 3 
to 6mm. in diameter. Some are irregular and others 
appear submucosal. There is no evidence of ulcera- 
tion. Because the nodules varied in size, lympho- 
sarcoma could not be excluded and follow-up 
study was advised. 
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Fic. 12. Lymphosarcoma. Same patient as in Figure 
11 four months later. There is a segment in the 
midjejunum measuring 3 inches in length in which 
the mucosa is ulcerated, with a nodular configura- 
tion along the contours. There is no obstruction. 
Some of the tiny defects previously described are 
seen in adjacent loops of bowel. At surgery, almost 
the entire small bowel was involved with lympho- 
sarcoma. (Courtesy of Dr. Roger Blahut.) 


absorption) pattern. Eradication of the 
parasite results in return of the fold pat- 
tern to normal, as well as improvement of 
the villus structure in hypogammaglobu- 
linemic sprue, regression of diarrhea, 
steatorrhea and malabsorption, and of 
lactose intolerance and abnormal intestinal 
protein loss.? The number and size of the 
nodular follicles are not affected, however, 
by treatment of the Giardia infection. 

It is important to note that the presence 
of Giardia lamblia in the stool does not 
necessarily mean that the small bowel 
roentgen study will be abnormal; indeed, 
small bowel changes are uncommon in 
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most patients with giardiasis. In epidemics 
of the infection and in patients with hypo- 
gammaglobulinemia, the roentgen studies 
are more likely to be abnormal. Conversely, 
Giardia lamblia may be absent from the 
stool, yet be present on duodenal aspirate 
or small bowel biopsy. 


4. THIC<SENING OF THE SMALL INTESTINAL FOLDS 


Thickening of the small bowel folds is not 
characteristic of the primary enteropathic 
immuncdeficiencies, as classified earlier in 
this paper, except for superimposed Giardia 
lamblia infection. It is, however, a feature 
of the secondary immunoglobulin dis- 
orders. 

Amyloidosis, by infiltration of the bowel 





Fic. 13. Giardiasis. There is spasm and irritability 
of the jejunum, associated with narrowing of the 
lumen and increased secretions. The valvulae 
conniventes are thickened. The findings are secon- 
dary to inflammatory edema. The ileum is within 
normal limits. 


an 
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wall, produces conspicuous thickenirg of 
the folds and this process tends to be uni- 
form throughout the entire small bowel on 
roentgen study.?? Enlargement of the folds 
in the ileum gives an appearance resem- 
bling the normal feathery pattern o? the 
jejunum, a configuration that has been 
termed “‘jejunization of the ileum.” There 
is no significant dilatation or increased 
secretions, and nodules are not present 
(Fig. 16). 

When amyloidosis involves the colon, it 
produces roentgen alterations that are 
similar to those of chronic ulcerative colitis, 
with absent haustral markings but no sig- 
nificant shortening (Fig. 17; and 18). 
Ascites is often present and can be recog- 
nized by separation of the loops of small 
bowel. In the stomach amyloid infiltration 





Fic. 14. Giardiasis. In this case the roentgen altera- 
tions are more pronounced. There is more spasm 
and irritability and the folds are more thrkened 
and distorted. In this patient the roentgen zppear- 
ance of the small bowel returned to normal after 
treatment of giardiasis with atabrine. 
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Fic. 15. Giardiasis. There is thickening of the folds of 
the jejunum. In the proximal ileum, the small 
nodular filling defects typical of nodular lymphoid 
hyperplasia are identified. The correct diagnosis of 
giardiasis was made and Giardia lamblia was 
identified in the stool. However, at that time the 
nature of the nodules in the ileum and their 
association with immunoglobulins was not ap- 
preciated. There were no immunoglobulin studies 
performed in this case. 


produces a polypoid tumor or features 
similar to those of scirrhous carcinoma. 

Lymphosarcoma may also appear as a 
smooth, diffuse thickening of the intestinal 
folds throughout the small bowel, without 
hypersecretion. The thickened folds are 
more commonly irregularly nodular and 
coarse marginal scalloping of the bowel 
contour may be seen (Fig. 19). 

The roentgenographic features of alpha- 
chain disease are variable. The small in- 
testinal folds may be thickened in an ir- 
regular fashion (Fig. 20). Multiple nodular 
defects may be demonstrated having the 
same characteristics as in lymphosarcoma 
and involving the whole length of the small 
bowel. A sprue-like pattern may also be 
seen with dilatation, which may be quite 
marked, involving both jejunum and ileum, 
increased secretions, and flocculation and 
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Fic. 16. Amyloidosis. There is a striking, symmetric, 
diffuse, sharply demarcated thickening of the 
valvulae conniventes. Dilatation is minimal. Seg- 
mentation and fragmentation are absent. There 
is no evidence of an inflammatory process. 








Fic. 18. 4myvloidosis. Gross specimen reveals marked 
thicker ing of the wall. This thickening is responsi- 
ble for the roentgen findings described above. 





Fic. 19. L.ymphosarcoma. Multiple tumor nodules of 
varying size are present in the terminal ileum, 
cecum and ascending colon. The terminal ileum 
is slightly dilated. The nodules are obviously larger 
and less symmetric than those associated with 
nodular lymphoid hyperplasia. 





I 


Fic. 17. Amyloidosis. There is a complete absence of 
the hawstral markings throughout the colon, and 
the coniguration resembles ulcerative colitis. The 
air-fille. loops of small bowel are separated by 
the presence of fluid in the abdomen. 
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segmentation of the barium. Masses of 
enlarged mesenteric lymph nodes may 
produce extrinsic compression or disloca- 
tion of the small bowel. 

A group of patients with marked p asma 
cell and lymphocyte infiltration of the 
small bowel has been described in whom 
the process, over a follow-up of vears, 
has not become lymphoma. Such patients 
have a variety of serum immunoglobulin 
defects ranging from deficiency to excessive 
levels. This group probably represents a 
heterogeneous collection of abnormalities 
that await classification. They have in 
common, however, roentgen alterations of 
thickening of the folds and at times sub- 
mucosal or intraluminal nodules. Patients 
with these findings frequently present 
clinically with diarrhea and malabsorp- 
tion? (Fig. 21). 

Uniform thickening of the folds of the 
small bowel is also found in some cases of 
W'aldenstróm's | macroglobulinemia.? The 





Fic. 20. Alpha-chain disease. This entity was previ- 
ously described as Mediterranean lymphoraa. Not 
enough cases have yet been studied to delmeate a 
definitive roentgen pattern. In this case, there is 
thickening of the folds, associated in some areas 
with minimal narrowing of the lumen. No other 


abnormalities are noted. In some cases, flat 
nodules along the contour of the bowel have been 
described. 
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Fic. 21. Plasma cell infiltration of the small bowel. 
There is no moderate thickening of the valvulae 
conniventes, especially in the jejunum. Increased 
secretions are present. The relationship of these 
cases to alpha-chain disease has not been estab- 


lished. 


wall of the intestine is thickened, as evi- 
denced by separation of the loops on small 
bowel series, and the lumen may be mod- 
erately dilated. The mucosal surface itself 
may have a fine granular appearance, per- 
haps caused by club-like dilatation and dis- 
tention of the tips of the villi (Fig. 22). The 
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Fic. 22. Waldenstrim’s macroglobulinemia. There is 
diffuse thickening of the valvulae conniventes 
associated with a granular mucosal surface. In 
some areas it appears almost nodular. (Courtesy 


of Dr. Mansho Khilnani.) 
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Fic. 23. Intestinal lymphangiectasia. The entire small 
bowel is involved. There is minimal segmentation 
and fragmentation, associated with diffuse thick- 
ening of the valvulae conniventes and moderate 
secretions. There is no dilatation. The serum 
albumin in this patient was I gm. per cent. The 
alterations described above are probably due to 
intestinal edema secondary to hypoalbuminemia. 





roentgen characteristics of sprue are not 
present. It must be said, however, that 
only a few cases of Waldenstróm's macro- 
globulinemia involving the intestinal tract 
have been studied thus far and these ob- 
servations must be considered provisional. 

Intestinal lymphangtectasia is an exuda- 
tive, protein-losing enteropathy with gross 
dilatation of the lymphatics of the lamina 
propria of the small bowel reflecting a gen- 
eralized disorder of the development of 
lymphatic channels?? Hypogammaglobu- 
linemia, mainly affecting I,G, is associated 
with a fall in serum albumin and, to a lesser 
degree, other proteins, as well as with the 
loss of lymphocytes into the bowel lumen. 
Enlargement of folds on roentgen examina- 
tion usually affects both the jejunum and 
the ileum. The pattern of fold enlarge- 
ment is uniform, orderly and symmetrical 
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in a single loop. A stacked-coin appearance 
Is not uncommon and the folds may have 
a regular biconvex appearance (Fig. 23; 
and 24). Large folds in the ileum may re- 
sult in its “jejunization” as described in 
some cases of amyloidosis. Excessive in- 
testina. secretions result in dilution of the 
barium column distally in most cases and 
are an important distinguishing feature. 
Dilataton is minimal or absent. The 
thicker ng of the folds noted roentgeno- 
logically in intestinal lymphangiectasia 
represents mucosal and submucosal edema 
secondary to hypoproteinemia. 


SUMMARY 


Recent advances in immunology have 
permitted recognition of a group of pa- 





Histologic 
sections demonstrate marked dilatation of the 
Iymphz tics as well as edema of the mucosa. 


Fic. 24. Intestinal lymphangiectasia. 


VoL. 122, No. 2 


tients who have gastrointestinal mani'esta- 
tions as part of an immunoglobulin defi- 
ciency syndrome. Such immunoglcbulin 
deficiency may be primary or may be sec- 
ondary to a variety of diseases. 

We have classified and described the 
small bowel roentgen features associated 
with the various immunoglobulin defi- 
ciency syndromes as follows: (1) the 
sprue pattern, as seen in hypogammaglobu- 
linemic sprue and in I,A deficient sprue; 
(2) multiple nodular defects: as seen im dvs- 
gammaglobulinemia; (3) inflammatory 
changes secondary to giardiasis, associ- 
ated with immune deficiency diseases; and 
(4) thickening of the small intestinal folds, 
as seen in the plasma cell dvscrasias. lym- 
phoma, intestinal lymphangiectasia, and 
amyloidosis. 


R. H. Marshak, M.D. 
1075 Park Avenue 
New York, New York 10028 


REFERENCES 


I. MsENBERG, A. C. Malignant lymphoma. New 
England F. Med., 1973, 288, 883-890. 

. Ament, M. E., Ocus, H. D., and Davis, S. D. 
Structure and function of gastrointestinal 
tract In primary immunodeficiency syndromes: 
study of 39 patients. Medicine, 1973, $2, 227- 
248. 

Ament, M. E., and Rusin, C. E. Relation of 
giardiasis to abnormal intestinal structure and 
function in gastrointestinal immunodedciencv 
syndromes. Gastroenterology, 1972, 62, 216-226. 

4. Bonomo, L., Dammacco, F., Marano, R., and 
Bonomo, G. M. Abdominal lymphoma and 
alpha chain disease. 4m. 7. Med., 1972. 52, 73- 
86. 

s. Bruton, O. C. Agammaglobulinemia. Pediatrics, 
1952, 9, 722-728 

6. Conen, N., Parey, D., and Janowirz, H. D. 
Acquired hypogammaglobulinemia and sprue: 
report of case and review of literature Y. Mt. 
Sinai Hosp., 1962, 28, 421-427. 

7. Cooper, M. D., FauLK, W. P., FUDENBERG, 
H. H., Goop, R. A., Hrrzic, W., KUNKEL, H., 
Rosen, F. S., SELIGMANN, M., SooTEHILL, J., 
and Wrepcwoop, R. J. Classification of pri- 
mary immunodeficiencies. New Eng’and F. 
Med., 1972, 288, 966-967. 

9. E1bELMAN, S., Davis, S. D., and Rusiy, C. E. 


Immunologic studies in “hypogammaglobu- 


to 


f 
<A) 
. 


I 


I4. 


16. 


18. 


2 


Small Bowel in Immunoglobulin Deficiency Syndromes 


o. FuDENBERG, H., Goon, R. A., 


I. 


^ 
A I 


. GrENNzER, G. C., Ern, D., 


. KurrNaNr, M. T., 


239 
Clin. Res., 1968, 16, 117. 
GoopMaw, H. C., 
Hırzıc, H., Kunxet, H. G., Rorrr, I. M., 
Rosen, F. S., Rowe, D. S., SELIGMANN, M., 
and SooruiLL, J. R. Primary immunodeficien- 
cies: report of World Health Organization 
Committee. Pediatrics, 1971, 47, 927-946. 
Grriin, D., Gross, P. A. M., and JANEWAY, 
C. A. Gamma globulins and their clinical 
significance. II. Hypogammaglobulinemia. 
New England Y. Med., 1959, 260, 72-76. 
and Terry, W. D. 
Immunoglobulin origin of amyloid. 4m. 7. 
Med., 1972, 52, 141-147. 


linemic sprue.” 


. Grysoski, J. D; Serr, T. W., CLemett, A., 


and Herskovic, T. Selective immunoglobulin 
\ deficiency and intestinal nodular lymphoid 
hyperplasia: correction of diarrhea with anti- 
biotics and plasma. Pediatrics, 1968, 42, 833- 
8 37. 

Hermans, P. E., and Huizenea, K. A. Associ- 
ation of gastric carcinoma with idiopathic 
late-onset immunoglobulin deficiency. 7. 
Int. Med., 1972, 76, 605-609. 


. Hermans, P. E., Hurzenca, K. A., HOFFMAN, 


H. N., II, Brown, A. L., JR., and Mankovrrz, 
H. Dysgammaglobulinemia associated with 
nodular lymphoid hyperplasia of small in- 
testine. Am. 7. Med., 1966, 40, 78-89. 

Hopcson, J. R., Horrman, H. N., II, and 
Huizenca, K. A. Roentgenologic features of 
lymphoid hyperplasia of small intestine associ- 
ated with dysgammaglobulinemia. Radiology, 
1967, 6$, 883-888. 


. Hucues, W. S., Brooks, F. P., and Conn, H. O. 


Serum gastrin levels in primary hypogamma- 
globulinemia and pernicious anemia: studies 
in adults. Ann. Int. Med., 1972, 77, 746-750. 

Hucues, W. S., CerDa, J. J., HoLTZAPPLE, P., 
and Brooks, F. P. Primary hypogammaglobu- 
linemia and malabsorption. dun. Int. Med., 
1971, 74, 903-910. 

KELLER, R. J., and CuTTNER, 
J. Macroglobulinemia and steatorrhea: roent- 
gen and pathologic findings in intestinal tract. 
Radiol. Clin. North America, 1969, 7, 43-55. 

konELrTZ, B. I., and SriNpELL, L. N. Gastro- 
intestinal amyloidosis: report of case and re- 
view of clinical and radiologic aspects. 7. Mt. 
Sinai Hosp., 1956, 25, 683-696. 


. Lewis, E. C., IT, and Brown, H. E., Jr. Agam- 


maglobulinemia associated with pernicious 
anemia and diabetes mellitus. /4.M./1. Arch. 
Int. Med., 1957, 100, 296-299. 

MansHaK, R. H., Rvorr, M., and LINDNER, 
A. E. Roentgen manifestations of giardiasis. 
Am. J. RoentGeENoL., Rap. THERAPY & 
NucLEAR MED., 1968, 104, 557-560. 

Mawuinney, H., and Tomxin, G. H. Gluten 


240 


enteropathy associated with selective I,A 
deficiency. Lancet, 1971, 2, 121-124. 

24. Peterson, R. D. A., Cooper, M.D., and Goon, 
R. A. Pathogenesis of immunologic deficiency 
diseases. Am. J. Med., 1965, 38, 579-604. 

25. Ramsaun, J. C., and Matucnansky, C. Alpha- 
chain disease: pathogenesis and relation to 
Mediterranean lymphoma. Lancet, 1973, 7 
1430-1432. 

26. Rosen, F. S., and Janeway, C. A. Gamma 
globulins. III. Antibody deficiency syndromes. 
New England F. Med., 1966, 275, 709-715; 
769-775. 

27. Rvorr, M., Linpner, A. E., and MARSHAK, 
R. H. Malabsorption syndrome with plasma 


, 


R. H. Marshak, C. Hazzi, A. E. Lindner and D. Maklansky 


OCTOBER, 1974 


cell infiltration of small bowel. 4m. 7. Gastro- 
enterol., 1971, 55, 602-608. 

28. SanPorD, J. P., Favour, C. B., and TriBEMAN, 
M. S. Absence of serum gamma globulins in 
adilt. New England J. Med., 1954, 250, 1027- 
1039. 

29. SurMiN, P. M., Watpmann, T. A., and Kruc- 
Maz, R. L. Intestinal lymphangiectasia. Am. 
J. RoENTGENOL., Rap. THERAPY & NUCLEAR 
MED., 1970, 770, 827-841. 

30. Twoxev, J. J., Jorpan, P. H., JanRorp, T., 
TRzBOowrrz, S., Ritz, N. D., and Conn, H. O. 
Syrdrome of immunoglobulin deficiency and 
pernicious anemia. Am. J. Med., 1969, 47, 


349-350. 


Voi; 122, No. 2 


IRANSIENI MALABSORPTION IN INFECIIOUS 
MONONUCLEOSIS* 
CASE REPORT 


By MELVIN L. BUTLER, LTC, MC, USA, LYNN CARLTON, MAJ, MC, USA, 
H. P. DEGREEN, CPT, MC, USA, STEVEN K. TEPLICK, MAJ, MC, USA, 
and JOSEPH R. METZ, MAJ, MC, USA 


HONOLULU, HAWAII 


NFECTIOUS mononucleosis (IM) is 

usually a mild disease presumably 
caused by a viral agent. Of the many symp- 
toms ascribed to the disorder, diarrhea is 
uncommon, occurring 1n only 5 to IO per 
cent of patients.! In the few autopsy stud- 
ies available, little mention is made of 
pathologic changes in the small bowel or 
colon.? 

We have recently had the opportunity 
to study a patient with IM who had clin- 
ical, biochemical and roentgenologic evi- 
dence of malabsorption. No other cause for 
the malabsorption was found and over a 
period of 16 weeks all measurements of 
small bowel function returned to normal. 

To our knowledge this is the first case of 
documented small bowel involvement with 
malabsorption secondary to IM. 


REPORT OF A CASE 


A 19 year old Caucasian male presented with 
a 2 week history of pharyngitis, malaise, 12 
pound weight loss and diarrhea. The diarrhea 
was usually preceded by abdominal cramps and 
consisted of 3-5 loose stools per day. He denied 
hematochezia and melena and his only trip 
outside the continental United States had been 
to Hawaii. 

Physical examination was unremarkable 
except for an exudative pharyngitis with tender 
posterior cervical lymphadenopathy. There 
was no organomegaly or abdominal distention 
noted. 

Leukocyte count was 11,000 per ml.’ with 
64 per cent lymphocytes, many of which were 
atypical. A mono spot test was posi-ive and a 
heterophil titer was 1:1,774. The serum caro- 
tene was 30 mg. per cent, d-xylose excretion, 
(25 gm. oral dose), was 2 gm. in 5 hours and a 72 


hcur stool fat was 32 gm. The stools were per- 
sistently guaiac-negative and no ova or para- 
sites were found. A duodenal aspirate revealed 
no pathogens. A small bowel roentgenogram 
showed extensive thickening of the mucosal 
folds (Fig. 1) and a biopsy of the jejunum 
showed blunting of some vili with an inflam- 
matory infiltrate in the lamina propria (Fig. 2; 
3; and 4). There was no evidence of lymphangi- 
ectasia and the brush border appeared intact. 


€ 





Fic. 1. Small bowel series. Thickened mucosal folds 
are seen throughout the entire small bowel. 


* From the Departments of Medicine and Radiclogy, Tripler Army Medical Center, Honolulu, Hawaii. 
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Frc. 2. Intact intestinal villus with an increased 
cellular infiltrate in the lamina propria (X95). 


Acute Ebstein-Barr viral titers were not 
obtained; however, convalescent titer was 1:20. 
Other laboratory data are presented in Table 1. 

Over the next 4 months the patient gained 
weight, recovered his sense of well-being and 
had resolution of his diarrhea without any 
drug or diet therapy. The mono spot test re- 
verted to negative after 8 weeks and a subse- 
quent small bowel series done 2 months after 
his initial hospitalization showed a return 
toward normal (Fig. 5). A repeat small bowel 
biopsy obtained 3 months after the onset of 
symptoms showed no histologic abnormalities 
(Fig. 6). At follow-up 6 months after admission 
the patient had no complaints. 


DISCUSSION 


Despite the voluminous amount of ma- 
terial written regarding IM, there is little 
evidence to suggest that the disease in- 
volves the small bowel. Sheehy eż a^ per- 
formed jejunal biopsy in 6 patients with 
IM during the acute phase of the disease. 
They noted no abnormalities except for 
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Fic. 3. Hæher magnification of the same area as in 
Figure 2, showing large, somewhat atypical 
lymphocytes in the lamina propria (X370). 


“numerous atypical and vacuolated lymph- 
ocytes within the lamina propria of four 
biopsy specimens.” The epithelial cells ap- 
peared normal, as did the villous height, 
and non: of their 6 patients had abnormal 
d-xylose excretion or steatorrhea. 

Roentgenologic findings in IM are non- 
specific. Splenomegaly, which occurs in £o 
to 60 per cent of patients, can often be seen 
on chest or abdominal roentgenograms.! In 
perhaps 10 per cent of cases, roentgenologic 
evidence of hilar or mediastinal lymph 
node enlargement is found‘ and paren- 
chymal pulmonary involvement occurs in 
3 to 5 per cent.’ In this latter group, the 
findings range from interstitial changes to 
alveolar consolidation, which rarely may 
cavitate." 

The current literature cites no cases of 
small intestinal abnormalities in patients 
with IM. The roentgenologic pattern in our 
patient demonstrated thickened mucosal 





Fic. 4. Low power view showing some clubbing of 
villi and cellular infiltrate (X 51). 
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TABLE Í 


INVESTIGATIVE DATA 


ee Se?’ ——— oa 





On Admission 10 wk. Later Normal Values 
Hb (g./100 ml.) 13.6 13.0 (14-18 gm. per cent) 
Serum Bı: (pg./ml.) 94C — (170-700 pg./ ml.) 
Calcium (mg./100 ml.) 4.5 8.8 (8.5—10.5 mg. per cent) 
Total proteins (g./ 100 ml.) 6.2 “2 (6.0-8.0 gm. per cent) 
Albumin (g./100 ml.) 3.0 4. (56-68 per cent of total) 
D-xylose (g./5 hr.) 2.0 $.2 (4.0-8.8 gm./5 hr.) 
Carotene (mg./100 ml.) 3e 53 (40-100 mg. per cent) 











folds extending throughout the small bowel | nodularity. 
as well as moderate dilatation. Nodularity, The occurrence of the Ebstein-Barr 
separation of loops, and increased secre- (EB) virus antibody in a dilution of 1:20 
tions were not prominent features and is compatible with the diagnosis of IM, 
motility was normal. The differential diag- but does not "prove" a recent attack. In- 
nosis included causes of small bowel edema, deed, the EB virus may be a "fellow 
such as hypoproteinemia, and other causes traveler” rather than the etiologic agent 
of thickened folds, especially lymphoma.’ in patients who have IM.° 
The latter was less probable without The possibility that the patient had a 
serious underlying disease, particularly 
—9 lymphoma, was considered and justified 
= 4 the involved diagnostic approach taken. 
The subsequent return of clinical, bio- 
chemical and histologic parameters to 
normal rules out other more ominous 
causes of malabsorption. 

In view of the rarity of reports of bowel 
involvement in IM, the authors thought 
it advisable to report this patient and cur- 
rently are engaged in a prospective study 
of patients with IM and gastrointestinal 
complaints, to further evaluate the fre- 
quency of such involvement. 





Fic. 5. Two months after the original stucy, the 
small bowel folds have decreased in thickness, 
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and the entire small bowel pattern has nearly Fıc. 6. Intestinal villus appears normal. The atypical, —— 


returned to normal. lymphocytes are no longer present (X379). / ` 
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SUMMARY 


A patient with infectious mononucleosis 
and diarrhea was studied and found to 
have clinical, biochemical and roentgeno- 
logic evidence of malabsorption. 

Small bowel biopsy showed infiltration 
of the lamina propria with atypical mono- 
nuclear cells as well as clubbed villi. 

No other cause for the malabsorption 
was found and over a 16 week period 
all parameters of small bowel function 
returned to normal as did the jejunal bi- 
opsy. 

Melvin L. Butler, LTC, MC, USA 
Gastroenterology Service 

Box 156 

Tripler Army Medical Center 

APO San Francisco, California 96438 
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INTE LT NAL AMEBIASIS* 


A ROENTGEN ANALYSIS OF 19 CASES INCLUDING 
E CASE REPORTS 


By JIRAYR P. BALIKIAN, M.D.,t SUHAYL M. UTHMAN, M.D.,t and NAGI F. KHOURI, M.D.§ 


i 3EIRUT, LEBANON 


| Oe AL amebiasis often presents a 

difficult differential diagnostic prcblem, 
since it mimics a large variety .of disease 
entities of the colon. At the one end »f the 
spectrum, the diffuse amebic dysentery re- 
sembles acute idiopathic ulcerative coli- 
tis,*!? and at the other end, the localized 
granuloma, the ameboma, resembles carci- 
noma of the colon. 92628 

The diagnosis of intestinal amebiasis 
may be readily made in some cases by the 
history of the patient and by the damon- 
stration of Entamoeba histolytica in the 
stools or in the rectal biopsy.. However, 
quite often the lesions are inaccessible to 
biopsy, and the results of the stool exemina- 
tions, the rectal scrapings, the rectal biop- 
sies and cultures may not be conclusive. A 
negative result does not rule out amebiasis 
and the presence of amebas does not ex- 
clude other ulcerative diseases cf the 
colon.:34352 Laparotomy as a means of 
diagnosis or for resection of the lesion is 
dangerous and contraindicated in the un- 
treated patient.!^*! The radiologist, there- 
fore, has an important role to play in the 
differential diagnosis of this disease. 

Therapeutic tests with antiamebic drugs 
for the purpose of conclusive diagnosis have 
long been advocated,*?* but reports of the 
roentgen diagnosis based on the response of 
the amebic lesions to the new fast-acting 
antiamebic drug, metronidazole, is lacking 
in the literature.5173237 Although detailed 
comparative roentgen analysis of some 
. ulcerative diseases of the colon sach as 
ulcerative colitis versus granulomatous coli- 
tis has been presented,?152529.59 reports of 


_a similar approach in amebiasis are rarely 


found in the literature? 2622 

The purpose of this paper is to report 2 
cases of intestinal amebiasis to demon- . 
strate the importance of the , therapeutic 
test, the “metronidazole test," in the con- 
clusive roentgen diagnosis of intestinal 
amebiasis and to present a comparative 
roentgen analysis of the features of amebi- 
asis based on a review of the literature and 
on Ig of our cases fof amebiasis fthat had 
positive roentgenologic studies.'j 

A combination of features i in’ amebiasis, 
as in ulcerative and g ganalomatous colitis, 
may raise the strong p ssibility of intestinal 
amebiasis. A dramatic c roentgen change in 5 
to Io days of treatment with the new anti- 
amebic drug metronidazole may be a most 
gratifying and unique feature of amebiasis 
in the complex differential diagnosis of 
ulcerative diseases of the colon. 

| 
REPORT OF CASES ^ 

Case 1} A 45 year old man was admitted with 
the complaint of bouts of diarrhea alternating 
with constipation of 1 month’s duration. This 
was accompanied by a 5 kg. weight loss, ano- 
rexia and occasional abdominal pain. On physi- 
cal examination, the liver was not enlarged, but 


there was mild tenderness ir the periumbilical 


region. The stool examination was negative for 
ameba and ova. The guaiac test was +-+ posi- 
tive, erythrocyte sedimentation rate was 57 
mm./hour, and the remainder of the laboratory 
data were negative. 

The barium enema examination showed an 
area of spasm in the midtransverse colon (Fig. 
14) which was also tender to palpation. In sub- 
sequent views, a persistent lesion was present 
in this area with eccentric loss of haustration at 
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Fic. 1. Case 1. Roentgenograms show: (4) spasm in the midtransverse colon; (B and C) concentric and 
eccentric narrowing of the lumen; (D and £) thumbprinting at the ends of the lesion and exaggeration 
of haustral markings in the intervening fairly well preserved arza; and (F) lack of distensibility as demon- 
strated under air pressure. (G) Ten days after the beginning of metronidazole therapy, there is complete 
reversal of all the roentgenologic signs of the disease except f-r minimal edema of the haustral folds. 


one end of the lesion and concentric narrowing 
at the other end (Fig. 1, B and C). On the post- 
evacuation roentgenogram, thumbprinting was 
present at both ends with an intervening area of 
milder involvement that showed exaggeration 
of the haustral markings (Fig. 1, D and E). The 
air contrast study showed some distensibility of 


the narrewed lumen and disappearance of the 
intervening exaggerated haustral markings 
(Fig. iF) The patient was placed on metronida- 
zole therapy, 3 times 500 mg. a day for 7 days. 
He impreved clinically within 48 hours of ther- 
apy, and a follow-up barium enema examination 
showed complete disappearance of all the roent- 
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genologic signs of disease except for minimal 
edema of the haustra (Fig. 1G). 


Case 1t. A 7o year old man was admitted 
with the complaint of diarrhea and fever of 5 
days' duration. On physical examination, he 
was pale and sick-looking. Proctoscopy revealed 
a fungating mass in the rectum covered with 
pus and debris. A barium enema examination 
showed a 10 cm. area of narrowing in the rectum 
(Fig. 24). There were multiple ragged ulcera- 
tions of varying sizes. One of the deep ulcers 
perpendicular to the wall penetrated about 
2 cm. deep and appeared to lead to a penrectal 
mass on the left. The upper edge of the lesion 
showed sharp transition to normal colonic wall, 
but there was no shelving. The rectal scrapings 
and biopsy showed Entamoeba histolytica troph- 
ozoites. The patient was placed on metronida- 
zole—2 tablets (sco mg.) 3 times daily for 7 
days. His symptoms improved remarkably and 
a follow-up barium enema examination at the 
end of 7 days of therapy showed almos: com- 
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plete disappearance of the ulcers and the peri- 
rectal mass. The single penetrating deep ulcer 
had reduced in size and had clean smooth 
borders (Fig. 25). 

Comment. The 2 cases reported herein illus- 
trate the value of therapeutic response as a 
means of roentgen diagnosis of amebiasis. Both 
of the cases at the initial examination presented 
a roentgen appearance which was indistinguish- 
able from other ulcerative diseases of the colon, 
but the response to metronidazole in 7-10 days 
established the diagnosis of amebiasis. 


On conventional therapy, the great ma- 
jority of lesions of intestinal amebiasis dis- 
appear completely within a month.?:?? With 
the introduction of the new antiamebic 
drug, metronidazole, the treatment of 
amebiasis is greatly simplified and consists 
of about 1 week of therapy.” The response 
to therapy is rapid; signs and symptoms of 
amebic dysentery disappear within 48 
hours, the amebic granulomas are greatly 





Fic. 2. Case 11. Roentgenograms show: (4) a long segment of the rectum to be concentrically narrowed 
with ragged superficial and deep ulcers. ^ penetrating ulcer is noted leading to a pericolic abscess. (B) 
Seven days after the beginning of the metronidazole therapy, the penetrating ulcer and the pericolic 
abscess have reduced in size and the ulcer tract now has a smooth border. The remainder of the ulcers 
have disappeared completely. 
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reduced in size in 1 week and are no longer 
detectable on sigmoidoscopy in 14 days.??? 

A large ameboma may disappear within 
a few weeks, but, if the process has bur- 
rowed deep enough and lasted long enough, 
the fibrosis cannot be dissolved, although 
the ragged mass may shrink to become 
smooth and narrow.” Surgery may then be 
indicated for cure.’ Surgery, in general, is 
dangerous in the untreated patients. How- 
ever, some amebomas have been resected, 
in the untreated patients, without compli- 
cations.! Failure to response to antiamebic 
therapy should redirect the radiologist's at- 
tention to the possibility of other ulcerative 
diseases of the colon, keeping in mind the 
possibility of excessive fibrosis due to 
amebiasis. 


ROENTGEN FEATURES OF AMEBIASIS 


The roentgen features of amebiasis are 
analyzed on the basis of 16 of our cases who 
had positive findings on the barium enema 
examination and 3 cases of acute abdomen 
who had only plain roentgenographic stud- 
les, but who at operation and histologic 
studies showed extensive intestinal amebi- 
asis. 


ULCERS IN AMEBIASIS 


1. Fine granularity or minimal irregularity 
of the bowel margins. The early ulcers of 
amebic colitis are small and shallow, have 
raised margins and are covered with exces- 
sive mucus and pus. Roentgenograms at 
this stage show an irregular bowel margin 
and fine granularity of the mucosa, which 
are better demonstrated on air contrast 
studies. These findings were seen in 3 of our 
cases (Fig. 3/7) and had to be differentiated 
from the crowded shallow ulcers of ulcera- 
tive colitis,?!??? from finely distributed 
fecal material on air contrast study,!? from 
fine granularity with target appearance in 
trichuriasis,* and from fine pseudopolypoid 
hyperplasia.’ 

2. Fine serrations and coarse serrations. 
Serrations are encountered in almost any 
infectious disease that involves the colon 
acutely or chronically.!??? Fine serrations 
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were seen in 3 cases with multiple small 
spike-like projections which were irregular 
in size and distribution, had fuzzy borders 
and disappeared on antiamebic therapy 
(Fig. 3, B and C). This was in contrast to 
the sharp and regular appearing innominate 
grooves of the clean normal bowel.2%33 
Coarse serrations resembling ‘‘torn-blot- 
ting" paper?? were seen in § cases (Fig. 3D). 

3. Callar-button ulcers. These ulcers are 
slightly deeper than the above mentioned 
superficial ulcers and are known to be the 
result o* submucosal proteolysis by ame- 
bae.!5?* They may be difficult to demon- 
strate on barium enema examinations.” We 
could demonstrate this type of ulcers in 3 
of our cases (Fig. 3E). They occur com- 
monly in ulcerative colitis and probably as 
commonly in granulomatous colitis; and 
may be seen in tuberculosis, shigellosis, 
salmone.losis and staphylococcal infec- 
tions.!?.! 5.20 

4. Deep ulcers. These are 2 mm. or more 
in size measured on the roentgenograms 
and are a characteristic feature of granu- 
lomatous colitis; they are much more com- 
mon than in ulcerative colitis but can also 
occur in other ulcerative diseases of the 
colon.!5*-? The deep ulcers of amebic colitis 
are gencrally believed to be produced by 
ulcerative necrosis of the amebae and sec- 
ondary bacterial infection.’ Deep ulcers, in 
our series, ranged between 3-13 mm. in 
depth and were of the following tvpes: 
deep spixe-like ulcers in 4 cases (Fig. 3D); 
deep saccular in 2 cases (Fig. 3F); and deep 
penetrating in 2 cases (Fig. 24). Seven of 
these cases had ulcers of varying sizes. This 
is known to occur in 20 per cent of cases in 
granulomatous and ulcerative colitis.?? 

5. Transverse and longitudinal ulcers with 
cobblestoning. This appearance was seen 
in 2 cases (Fig. 4B). It is approximately 
twice as common in granulomatous colitis 
as in ulcerative colitis and can occur in any 
other severe long lasting inflammatory 
disease." 

Coalescence of deep ulcers paralleling the 
lumen. Histologic studies show that super- 
ficial and deep abscesses of amebae often 
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Fic. 3. Roentgenograms showing various types of ulcers in amebic colitis. (4) Fine granularity of the 
mucosa representing crowded shallow ulcers. (B) Superficial fine serrations. (C) Same after antiamebic 
therapy. (D) Superficial coarse serrations (thick arrow) and a deep spike-like ulcer (narrow arrow). (E) 
Collar-button ulcers with coalescence of a sew paralleling the lumen. (F) Shallow and deep saccular ulcers. 


communicate with each other?’ and some- 
times result in large mucosal sloughs which 
appear as filling defects in the intestinal 
lumen.? We have seen coalescence of 2 or 
3 collar-button ulcers (Fig. 3E), but they 
were not as extensive as are seen in granulo- 
matous colitis.?? 


FILLING DEFECTS AND OTHER MUCOSAL CHANGES 


Coarse linear, coarse crinkled aud disor- 
ganized mucosal patterns. These pctterns 
were seen in Io cases (Fig. 44; and 5C). 
They are nonspecific findings and irdicate 
edem a.19.15.29,30 


Cobblestoning. Cobblestoning was noted 
with intersecting ulcers in 2 cases (Fig. 48). 

Pseudopolyps. Pseudopolyps in the form 
of discrete radiolucencies, circular in shape, 
were noted in I case only (Fig. 44). They 
have been described in occasional cases of 
amebiasis,?:2^?! but are commonly seen in 
ulcerative colitis, granulomatous colitis and 
schistosomiasis.5:! 5? 

Thumbprinting. 'Thumbprinting in the 
form of large clear-cut indentations was 
noted in 5 cases (Fig. 4C). It has been oc- 
casionally noted in amebiasis.?! It is com- 
monly seen in ischemic colitis??? and can 
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Fic. 4. Roentgenograms showing mucosal changes. 
(4) Coarse linear and disorganized mucosal folds 
and a few pseudopolyps (arrow). (B) Cobbleston- 
ing of the mucosa with crisscrossing of ulcers. (C) 
Thumbprinting in the midtransverse colon. 


also occasionally be seen in granulomatous 
colitis and ulcerative colitis.?? It indicates 
inflammation irrespective of cause.!? 


HAUSTRAL CHANGES 


Spasm and irritability. This is a nonspe- 
cific feature of amebiasis. It is said to be 
less marked in granulomatous colitis than 
in ulcerative colitis.? Mild to severe tran- 
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sient spasm and irritability about the site 
of the lesion were best noted at fluoroscopy 
and were recorded on the roentgenograms 
of 10 out of 16 positive barium enema ex- 
aminations (Fig. 1, 4 and B). 

Exagzeration or irregularity of haustral 
pattern. These were commonly observed by 
Delahaye e a/.’ in the form of umbilicated, 
bifid, serrated and stacked coin haustra, in 
a study of 169 cases of amebiasis. Similar 
appearances were also noted in early 
granulomatous colitis? and are considered 
to be a sign of spasm and inflammatory 
thicken ng.?? These appearances were noted 
in 8 cases (Fig. 1, E and F). 

Reduction or loss of haustral patterm. This 
is a common and prominent finding in all 
ulcerative phases of amebiasis, but is a 
nonspecific reaction to any inflammatory 
process.“ It was present in 11 cases (Fig. 
1B; and 7, 4-D). 

Disteusibility and narrowing of the lumen. 
Lack of distensibility to normal caliber and 
narrowing of the lumen are said to be the 
most common findings in amebiasis.? Some 
degree c* distensibility is known to be pres- 
ent even with the tumor-like narrowing 
seen wich amebomas,* and this may help 
its differentiation from carcinoma? (Fig. 
IF; and 8, 4-C). 

Thickening of the colonic wall. Thickening 
of the colonic wallis a prominent finding in 
amebiasis.??53? However, the acute fulmi- 
nant or necrotizing form of amebiasis? 23-32 
causes & paper thin necrotic bowel wall.” 
Bowel vall thickening of varying degrees 
was noted in 13 cases (Fig. 7, 4—-D; and 
8, A-C). 


C^HER ROENTGEN CONSIDERATIONS 


Concentric narrowing of the cecum—the 
"coned cecum.” The cecum is said to be in- 
volved . about go per cent of cases of 
chronic amebiasis.? The concentric narrow- 
ing of the normal sac-like cecum results in 
the coned cecum. The coned cecum of 
amebic colitis has a shaggy contour and the 
terminal ileum is very often intact.24:32 We 
could demonstrate coned cecum in 7 cases, 
6 of wh ch had intact terminal ileum but 
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Fic. 5. Roentgenograms show: (4) the classical '"coned-cecum"' of amebic colitis. Note the gaping ileocecal 
valve and the distended ileum. Also note a pseudodiverticulum in the midtransverse colon (arrow). 
(B) Slight prominence of the mucosal folds of same on postevacuation film. (C) Severe involvement of 
the cecum and ascending colon with coarse crinkled mucosa but intact ileum. 


had skip lesions elsewhere in the colon. 
This combination of findings of coned 
cecum, intact ileum and skip lesions was 
the most helpful diagnostic feature of 
amebiasis (Fig. 5, /£-C; and 6). We have 
seen only 2 cases of eccentric lesion of the 
cecum, which appeared plaque-like. The 
differential diagnosis included ulcerative 
colitis, granulomatous colitis, tuberculosis, 
carcinoma of the cecum, appendicitis and 
diverticulitis.^?^3? The first three affect the 
lleocecal valve and the terminal ileum to 
varying degrees as is described below. The 
cecal carcinoma is often asymmetric, ir- 
regular and polypoid; appendicitis usually 
shows an eccentric defect at the base of the 
cecum; and diverticulitis is essentially a 
pericecal abscess. 

The ileocecal valve. The cecum and the 
ileocecal valve are involved in 6c-9o per 
cent of cases of amebiasis.?*?? The roentgen 
changes of ileocecal valve are not described 
but the patency of the ileocecal valve with 
easy filling of the terminal ileum is stressed 
as an important sign 1n amebiasis.’ Gaping 
tleocecal valve with well distended terminal 
ileum was present in all the 7 cases of 


"coned'" cecum (Fig. 54). The ileocecal 
valve was thickened but otherwise smooth 
in 2 cases. The ileocecal valve is also known 
to be commonly gaping in ulcerative colitis; 
it is thickened and crisscrossed by ileocecal 
fistulas in granulomatous colitis,?? and “‘in- 





Fic. 6. Roentgenogram of a case of amebic colitis 
and amebic diverticulitis. There are constricting 
lesions of the rectum and the cecum (coned 
cecum). Few amputated diverticula are noted in 
the sigmoid colon. Resection of rectosigmoid 
showed amebae in the submucosa and in and 
around the wall of the diverticula with severe 
serosal reaction. 
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Fic. 7. Roentgenograms of a case of multiple skip 
lesions. (4) Multiple skip lesions (about 10) of 
amebic colitis. Note the coned cecum with dis- 
tended ileum and ulcerations of the rectum. (B) 
The distal transverse colon shows the 2 con- 
centric and 2 eccentric lesions. (C) Close-up of 
same, showing details of a short concentric lesion 
and an eccentric lesion with coarse serrations. (D) 
Close-up view of the very small plaque-like lesion 
of the descending colon. 
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verted umbrelia-like" with spasm of the 
illeocecal valve in tuberculosis.?:!! 

The terminal ileum and the appendix. 
Kean eż al.’ reported 7 cases of involve- 
ment of the terminal ileum in 148 fulminant 
fatal cases of amebiasis, but Delahaye et al.’ 
failed tc find a single case of ileal involve- 
ment in the roentgen study of 171 cases of 
chronic intestinal amebiasis. Other re- 
ports? mention occasional cases showing 
some roentgen changes of the terminal 
ileum. Cne of our fatal cases had invasion 
of the terminal ileum and the appendix at 
necropsy, but we have no histologic proof 
of termiaal ileal involvement in the 2 cases 
of barium study which showed some promi- 
nence of the mucosal folds (Fig. 5B). The 
terminal ileum is involved much more com- 
monly in tube-culosis (85 per cent)? and 
granulomatous colitis (80 per cent).?? The 
termina] ileum 1s severelv affected in tu- 
berculosis, with coarse mucosal folds, rigid 
walls amd very irregular contour, more 
severe than seen in granulomatous co- 
litis.!^?? The backwash ileitis of ulcerative 
colitis is a short segment involvement with 
minimal narrowing.?? 

Conceatric narrowing of areas other than 
the cecum. Concentric lesions with mild 
thickening of wall, measuring 3-30 cm. in 
length, were seen in 6 cases (10 lesions) 
(Fig. 7, 4—D), and thick-walled apple core 
and shelf-like lesions, measuring 7-12 cm. 
in length, were seen in 4 cases (5 lesions) 
(Fig. 8, 4-C). These apple core lesions rep- 
resented amebomas which closely simulate 
carcinoma of the colon.!:9 

Of the several criteria mentioned? to dif- 
ferentiate the chronic amebic lesions from 
carcinoma, we found that tapering of the 
lesion, at least at one end, and fairly well 
preserved mucosa in the area were the 2 
most important differential diagnostic signs, 
short of response to antiamebic therapy 
(Fig. 8, 4-C). Fleishner and Ming! de- 
scribed concentric narrowing with funnel- 
ing at both ends in occasional cases of 
diverticulitis of the sigmoid colon. This 
should easily mimic amebiasis. The situa- 
tion was made worse in one of our cases in 
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Fic. 8. Roentgenograms of a case of ameboms show: (4) a long annular constricting lesion (3 cm. thick wall 
at operation) with a central large ulcer; (B) tapering and ragged end; and (C) fairly well preserved mucosa 
surrounding the large ulcer as seen on the postevacuation roentgenogram. 


which amebiasis was superimposed on di- 
verticulosis. Histologic sections showed 
amebae invading colonic submucosa and 
the serosa of the tip of diverticula showed 
severe serosal reaction. The roentgen ap- 
pearance was a combination of amebic 
colitis and amebic diverticulitis (Fig. 6). 
Eccentric lesions of the colon. Plaque-like 
lesions with shaggy outlines were noted in 


6 cases (Fig. 7, 4—D). Some were as small 
as 2 cm. (Fig. 7D). These lesions had to be 
differentiated from the "typical" eccentric 
lesions of granulomatous colitis which have 
obvious mucosal changes,!9?? from meta- 
static implants which usually have smooth 
colonic contour and intact mucosa,? from 
the so-called "solitary ulcer" of the colon 
which may present as a plaque-like mass 
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Fic. 9. Roentgenogram of a fatal case of amebiasis in 
a child showing evidence of peritonitis and ileus. 
The patient had acute amebiasis with perforation 
of the cecum and peritonitis. (The terminal ileum 
and the appendix were invaded by amebae.) 


with or without an ulcer,^ and from 
lymphoma of the colon which often has a 
nodular appearance. 

Length and site of the lesions. The lesions 
varied between 2-30 cm. in length. Right- 
sided colitis occurred in 7, left-sided colitis 
in 6 and total colitis occurred in the form of 
multiple skip lesions in 5 (Fig. 7,4 and B). 
Total diffuse colitis as seen in ulcerative 
colitis was not encountered in our barium 
enema studies. The cecum and ascending 
colon were involved in 9, the rectosigmoid 
in 8, the transverse colon in 7, and the 
descending colon in 4. 

Skip lesions. Multiple sites of involve- 
ment occurred in 7 cases. The most severe 
had about Io skip lesions (Fig. 7/7). Skip 
lesions are known to be present in about 5o 
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per cent of cases of amebiasis, but are also a 
characteristic feature of granulomatous 
colitis. 3" 


COMPLICATIONS OF AMEBIASIS 


Toxic megacolon. 'The extreme stage oc- 
curs in 1—3 per cent of those with overt 
amebic colitis and frequently terminates 
fatally with multiple perforations, peritoni- 
tis and septicemia.?:?* Barium enema study 
is contrzindicated.4 Toxic megacolon is a 
typical complication of ulcerative colitis, 
but can also occur in granulomatous colitis 
and isch2mic colitis.! 

Perforation and ileus. We encountered 3 
cases of perforation with peritonitis and 
ileus who died in the postoperative period. 
One of tae cases was a 3 year old child who 
had extensive invasion of the colon, appen- 
dix anc the ileum by amebae (Fig. 9). 
Kean e; al. reported 148 fatal cases of 
amebiass, 45 of which (commonest cause 
of death) died because of perforation and 
peritonitis. 

Sinuses, fistulae and pericolic abscesses. 
Perfora-ions in amebiasis may lead to fatal 
peritonitis or to formation of sinuses, 
fistulae and pericolic abscesses.“ We en- 
countered I case with a small pericolic 
abscess which responded to therapy (Fig. 2, 
A and B). The differential diagnosis in- 
cludes g-anulomatous colitis, diverticulitis, 
actinomycosis, tuberculosis and salmonel- 
losis.! 

Pseucodiverticula and strictures. In 1 of 
our cases a pseudodiverticulum was noted 
in an area of constriction of the midtrans- 
verse cclon (Fig. 54). Pseudodiverticula 
are known to occur in granulomatous co- 
litis, scleroderma and ischemic colitis.!?:?? 

Amelac liver abscess. We had 2 cases of 
amebic iver abscess in our series of 19 cases 
of positrze intestinal amebiasis. They mani- 
fested with an elevation of the right leaf of 
the dia»hragm, small to large pleural ef- 
fusion :nd were shown on liver scans. 
Amebic liver abscess occurred in about 12 
per cent of the 119 cases of amebic granu- 
lomas reported by Radke.” 

Intussusception and amebic colitis. Intus- 
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susception is not uncommon in amebic co- 
litis.? The only case we had was a 4 year 
old child who had severe amebiasis. The 
intussusception was reduced by a cautious 
barium enema examination. 

Amebic colitis with amebic diverticulitis. 
Amebic colitis with amebic diverticulitis 
occurred in 1 of our cases as is described 
above (Fig. 6). 

Concomitant amebic colitis and ulcerative 
colitis. One of our cases with a total d ffuse 
colitis had Entamoeba histolytica in the 
stools and in rectal biopsy. He respcnded 
only slightly to antiamebic treatment, but 
did very well on corticosteroids. The pa- 
tient subsequently was managed as a case 
of ulcerative colitis. 

Carcinoma and amebiasis. Carcinoma 1s 
sometimes seen to coexist with amebiasis. 
Its significance is that the lesion suspected 
of amebiasis should be completely subsided 
before it can be considered to be due to 
amebiasis alone.5?5 


SUMMARY 


Various roentgen features of 19 cases of 
amebic colitis are analyzed and compared 
with granulomatous colitis, ulcerative co- 
litis and other ulcerative diseases of the 
colon. 

The lesions of amebic colitis, in general, 
had a shaggy contour; the eccentric lesions 
were almost as common as the concentric 
lesions. The left-sided colitis was as com- 
mon as the right-sided colitis and diffuse 
colitis was present only in the form of mul- 
tiple skip lesions. Skip lesions were com- 
mon. Deep and superficial ulcers of varying 
types were noted and had, in general, a 
ragged appearance. Various types of un- 
specific haustral and mucosal changes were 
noted. The annular lesions of amebomas 
were distinguished from carcinomas in most 
cases by their gradually tapering ends, 
relatively well preserved mucosa and re- 
sponse to antiamebic therapy. 

The diagnosis of amebic colitis was 
strongly considered when the cone-like 
cecum was accompanied by an intact termi- 
nal ileum and a skip lesion elsewhere m the 
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colon. The shaggy contour of the lesions, 
the ragged ulcers, the multiplicity of the 
lesions, and a fairly well preserved mucosa 
on the postevacuation roentgenograms ren- 
dered further support to the diagnosis of 
amebic colitis. 

Two case reports are included to demon- 
strate the unique value of the therapeutic 
test (metronidazole), in the final and con- 
clusive roentgen diagnosis of intestinal 
amebiasis. 

Included in the series also are cases of 
concomitant amebic colitis and ulcerative 
colitis, amebic colitis with amebic liver 
abscess, amebic colitis with intussusception, 
and amebic colitis with amebic diverticu- 
litis. 


Jirayr P. Balikian, M.D. 
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RADIOLOGIC OBSERVATIONS ON 
INTESTINAL AMEBIASIS 


By T. M. KOLAWOLE, M.B., B.S. (Lono), D.M.R.D., F.F.R.,* and E. A. LEWIS, M.B., B.S. 
(Loxp), M.R.C.P. (Ep), DIM: & H. (Liv)t 


IBADAN, NIGERIA 


MEBIC colitis 1s a common medical 
problem at the University College Hos- 
pital (U.C.H.), Ibadan. A report of the 
analysis of the hospital series drew atten- 
tion to the varying clinical forms and the 
complications commonly associated with 
the disease.’ In it, it became apparent, al- 
though not often appreciated, that roent- 
genographic studies along with clinical 
examination are most valuable in the as- 
sessment and management of the cases. 
This paper attempts to emphasize the 
value of radiology in the diagnosis, assess- 
ment and management of 8 cases of amebic 
colitis in which radiologic studies were 
carried out. It also includes radiographic 
guidelines in differential diagnosis, par- 
ticularly with reference to idiopathic non- 
specific ulcerative colitis which it mimics 
very closely. 


MATERIAL AND METHOD 


Patients diagnosed as having amebic 
colitis with or without associated comolica- 
tions over a period of 6 years (1960-1966) 
at the U.C.H., Ibadan, and who were sub- 
jected to radiographic examinations were 
selected to illustrate the types of intestinal 
lesions encountered. The diagnosis of 
amebic colitis was based on the demonstra- 
tion of the trophozoites of Entamoeba 
histolytica in the stool specimens. Findings 
at laparotomy and/or autopsy together 
with relevant histology reports were in- 


cluded. 


REPORT OF CASES 


Case 1. B.S. was a 40 year old Yoruba male 
patient, who was admitted to the hospital in 
1960 with history of dysentery for months. He 
passed 2 to 3 stools per day, but 1 week prior to 


admission the diarrhea became severe. On 
examination he was very thin and dehydrated. 
There was marked tenderness in the abdomen, 
particularly in the right iliac fossa, and a mass 
was felt in the left side of abdomen. The micro- 
scopic examination of the stool revealed 
trophozoites of Entamoeba histolytica. Sig- 
moidoscopy up to 20 cm. showed few shallow 
ulcers, and the mucosa was granular and bled 
easily. Barium enema study demonstrated lack 
of haustra and distensibility of the rectum, the 
colon and the cecum. There was total efface- 
ment of the mucosa. There was short annular 
filling defect in the midportion of the descend- 
ing colon. A few deep ulcers were seen in the 
rectosigmoid region (Fig. 1). 

Treatment with fluid replacement and eme- 





Fic. 1. Case 1. The rectum, colon and cecum show a 
lack of haustra and distensibility. A few ulcers are 
seen in the rectosigmoid region. There is a short 
annular filling defect with overhanging edges in 
the midportion of the descending colon shown to 
be due to ameboma (autopsy). 
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Fic. 2. Case 111. Gaseous distention of the transverse 
colon with thumbprinting of its edges. 


ic 


tine bismuth iodide at that time was un- 
successful. 

At postmortem examination there were 
extensive confluent ulcerations with punched- 
out ulcers in the large bowel, and an ameboma 
in the midportion of the descending colon. 


Case 11. J.O. was a 42 year old mechanic who 
was admitted on account of intermittent bloody 
diarrhea for 5 months. He had some right-sided 
lower abdominal pain and fever. On examina- 
tion he was dehydrated and slightly pale. There 
was a tender large mass on the right side o- the 
abdomen. Microscopy of the stool showed 
numerous trophozoites of Entamoeba histo- 
/ytica. Barium enema examination revealed 
almost complete obliteration of the cecum by 
a filling defect which extended into the mid- 
portion of the ascending colon. The overlying 
mucosa was effaced. 

Laparotomy was performed and a huge in- 
flammatory mass was found extending from the 
middle of the ascending colon down to the 
cecum. 

The resected specimen consisted of the cecum 
and a portion of the ascending colon. The cecum 
adjacent to the appendicular opening hzd a 
deep ulcer, 2.5 cm. across. In the distal dilated 
colon were small ulcers. The mucosa of the 
dilated part was abnormally smooth. Histology 
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of the ulcer showed complete destruction of the 
mucosa and the division of the mucosa and 
submuccsa could not be defined. There was 
intense plasma cell infiltration and a few 
degenerated amoebae. The muscle layer was 
thickened and also infiltrated with plasma cells, 
lymphocytes and eosinophils. The ulcers were 
typical amebic ulcers. The lymph nodes showed 
nonspecific hyperplasia. 


Case 11. J.O. was a 54 year old native doctor 
who complained of diarrhea, abdominal dis- 
comfort and occasional vomiting for 20 days. 
On examination he was ill-looking, and had a 
palpable mass in the right iliac fossa. Micro- 
scopy of the stocl specimen showed trophozoites 
of Entamoeba histolytica. Plain film roentgeno- 
grams of the abdomen showed dilated portions 
of the colon, especially the transverse colon 
which ako showed thumbprinting (Fig. 2). A 
barium 2nema examination demonstrated ir- 
regularities and collar-stud ulcers along the 
margins of the right half of the colon and rec- 
tum (Fig. 3). The cecum and ascending colon 
were deformed with filling defects. There was 
evidence of ileocecal incompetence (Fig. 4). 





S (owe 

Fic. 3. Case 111. Multiple deep ulcers showing as 
spiky irregularities along the margins of the rectum 
and sig noid colon. 
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Case 1v. S.B. was admitted to the hospital 
with a 4 week history of dysentery ard ab- 
dominal pain. Trophozoites of Entamoeta his- 
tolytica were found in the stool specimen. Treat- 
ment with emetine hydrochloride ir jections, 
followed with a course of tablets of emetine 
bismuth iodide, cleared the infection The 
barium enema examination showed extensive 
destruction of the whole colon with abnormal 
mucosal and haustral patterns. A 3 cm. long 
stricture was present high up in the rectum and 
other strictures were noted at the »rcximal 
end of the sigmoid and in the descending colon 
(Fig. 5). The entire colon, especially the as- 
cending colon and transverse colon, wou d not 
dilate, suggesting a generalized fibrosis. 


CasE v. L.A. was a 30 year old housewite, 
who was admitted with a history of abdcminal 
pain, dysentery and fever for about a week. On 
examination she looked ill and slightly dehy- 
drated. There was a palpable mass in che right 
iliac fossa. The plain film roentgenograms of the 
abdomen showed the presence of a mass n the 
right iliac fossa and signs of small bowel ob- 
struction. At laparotomy the cecocolic intus- 
susception which extended far into the solenic 
flexure was confirmed with an ameboma at the 
apex. 


Case vi. J.O. was a 25 year old policeman 
who complained of abdominal pain and c ysen- 
tery for about 3 weeks. On examination he was 
thin and wasted. There was tenderness in the 





Fic. 4. Case 11. Round filling defects (amebamata) 
in cecum and ascending colon (arrows). 
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Fic. 5. Case iv. Generalized narrowing of the rec- 
tum, sigmoid and descending colon with long 
strictures between the rectum and sigmoid colon, 
the distal portion of the descending colon and sig- 
moid colon, and in the midportion of the descend- 
irg colon. 


right iliac fossa. Stool examination showed the 
presence of trophozoites of Entamoeba histo- 
lytica. Sigmoidoscopy revealed a granular and 
friable mucosa. Barium enema examination 
demonstrated marked loss of haustration of the 
descending colon. He was treated with Flagyl 
(menonindazole) but the diarrhea continued 
unabated. Having eradicated the amoebae, a 
short course of steroids was tried with some 
improvement. He was discharged feeling better 
and having gained weight, but still passed 2 to 
3 soft stools per day. He returned 18 months 
later with his bowel habits having returned to 
normal. At this time the barium enema exami- 
nation showed extensive lack of distensibility, 
effacement of the mucosa and loss of the haus- 
tra from the rectum to the colon. The ileocecal 
valve was patulous and incompetent (Fig. 6). 


Case vil. B.O., a $2 year old man, was ad- 
mitted to the hospital with a 2 week history of 
abdominal pain and diarrhea. On examination, 
he was dehydrated and had generalized ab- 
dominal distention, with maximum tenderness 
in the right iliac fossa. 

The specimens of the stool were watery and 
contained blood and mucus. Trophozoites of 
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Fic. 6. Case v1. Smooth nondistensible large bowel 
with lack of haustra the (the ''pipe-stem" colon). 
The terminal ileum is normal, but there was ileo- 
cecal incompetence of screening. 


Entamoeba histolytica were also found on micro- 
scopy. 

Plain film roentgenograms of the abdomen 
showed distention of the ascending and trans- 
verse colon. Barium enema examination dem- 
onstrated no large bowel obstruction, but 
thumbprinting and irritability of the right half 
of the colon. 

The postmortem examination revealed mul- 
tiple undermined ulcers with purulent exudates 
involving the entire large bowel. There were 
trophozoites in the exudates and the muscle 
coats adjacent to the ulcers. 


Case virt. B.A. was a 40 year old man, who 
was admitted with a 3 week history of right- 
sided abdominal pain, diarrhea, and progressive 
loss of weight. He passed about 12 loose stools 
per day, and the stools contained mucus and 
blood. 

On examination he looked ill and grossly de- 
hydrated. The blood pressure was 100/70 
mm. Hg. The abdomen was rigid and tender 
generally and there was an impression of a 
mass in the right iliac fossa. Rectal examination 
was negative. The packed cell volume was 45 
per cent, and the white blood cell count 10,400 


T. M. Kolawole and E. A. Lewis 


OCTOBER, 1974 


per cu. mm. The stool microscopy revealed the 
presence of pus cells, and numerous trophozoites 
of Entarzoeba histolytica. 

Plain film roentgenograms of the abodmen 
showed an ill-defined mass in the right iliac 
fossa wizh neither air nor feces in the cecum 
and ascending colon. 

Barium enema examination demonstrated 
marked irregularity and ulceration of the entire 
colon and cecum. The mucosal pattern was most 
bizarre with edematous changes and effacement, 
particul-rly in the cecum and right half of the 
colon (Fg. 7). A few intraluminal filling defects 
were also seen. There was no filling of the ap- 
pendix or terminal ileum. 

The patient was treated with Flagyl, 800 mg. 
thrice dzily, for a week and the barium enema 
examincz-ion was repeated 2 weeks after the 
commer cement of treatment. A third barium 
enema study was done 1 week after the second 
barium enema examination. The findings were 
identical showing lack of distensibility (fibrosis) 
and lack of haustration in the cecum, ascend- 
ing and transverse colon. There were irregular 
strictures in the hepatic flexure and in the mid- 
portion 5f the descending colon. Pseudodiver- 
ticula were present in the transverse colon (Fig. 
8). Ther? were no ulcers seen. Ileocecal incom- 
petence was also noted, but the terminal ileum 
and appendix appeared normal. 





Fic. 7. Case vit. Gross mucosal ulcerations with 
filling defects in the cecum, the ascending colon, 
and th» hepatic flexure. Two outpouchings are 
seen ir the midportion of the transverse colon. 
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RESULTS 


The distribution of the sites of the lesions 
affecting the large bowel from our series 1s 
shown in Figure 9. The types of lesiors and 
their numbers are listed in Table 1. The 
cecum was involved in all cases; 5 of these 
cases had total colonic involvement. The 
appendix and the terminal ileum were not 
affected. 


ULCERATION CHANGES 
(5 cases) 

Five of the cases (Cases 1, 11, 111, vir, and 
vi) showed either radiologic or micro- 
scopic evidence of ulcers. Ulceration is a 
prominent radiologic feature of amebiasis. 
The ulcers may be shown radiologically as 





Fic. 8. Case viri. Two weeks later, the entire cecum, 
the ascending and transverse colon have become 
nondistensible and fibrotic. Strictures are seen in 
the proximal part and midportion of the transverse 
colon as well as in the distal part of the ascending 
colon. The previously noted pseudodiverticula in 
the midtransverse colon have become more 
prominent. There was ileocecal incompetence. The 
terminal ileum and appendix appeared normal. 
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Fic. 9. Diagram illustrating the numerical distri- 
bution of lesions in.the ileum and large bowel. 


shallow fine serrations, that is, a “‘saw- 
toothed” appearance. These may later be- 
come confluent (Cases 1, and 111) to form 
collar-stud abscesses under the mucosal 
lining of the gut. Some ulcers were deep 
(Fig. 2), but no definite evidence of intra- 
peritoneal perforation was seen. The mu- 
cosa may be denuded and eroded (Fig. 8). 
A long segment of the colon and/or rectum 
was usually involved (Fig. 3). The portions 
of colon showing ulcerations are usually 
spastic and irritable during the filling phase 
of the barium enema examination. 


TOXIC DILATATION 
(2 cases) 


Toxic dilatation occurred in 2 cases 
(Cases 111, and vir; Fig. 2). The transverse 


TABLE I 


TYPES OF LESIONS SEEN ON 
RADIOLOGIC EXAMINATION 


No. of Case No. of 
Lesions Lesions 
Ileocecal incompetence e ALL II, TV, VE, VIH 
Ameboma a Dit thy 
Ulcers E RLY Vu 
Toxic dilatation 2. A VII 
Intussusception E Y 
Multiple strictures 2 IV, VIII 
Pipe-stem colon 1 VI 
Pseudodiverticula 1 VIII 


262 


colon and hepatic flexure were involved in 
each case. The affected portions of the 
colon also showed pseudopolyposis and 
thumbprinting of the mucosa as well as 
exaggeration of the haustra. 


FIBROTIC CHANGES 


This feature is represented by total loss 
of mucosa and haustra, lack of distensi- 
bility and decreased length and caliber of 
the portion of large bowel affected. 

(a) "Pipe-stem" colon. Case vi initially 
showed a "pipe-stem" appearance in the 
rectum, the descending and sigmoid colon 
initially; 18 months later, the lesion had 
involved the entire colon and cecum, sug- 
gesting a progression of the lesion from the 
left half of the colon toward the right. In 
this case the ileocecal valve was incompe- 
tent and the cecum contracted (Fig. 6). 

(b) Multiple strictures. Two cases (Cases 
Iv, and vit) showed multiple strictures and 
"skip lesions.” Case 1v mainly involved the 
left half of the colon, while Case vri in- 
volved the right half of the colon. The 
strictures were long, and tapering in char- 
acter (Fig. 5). There was no poststenotic 
dilatation seen, but the intervening areas 
between the strictures were fibrotic and 
narrow. 

MASS LESIONS 
(4 cases) 


These masses were due to the formation 
of amebomata. They usually affect the 
cecum (Cases I, r1, 111, and v), but may con- 
tinue into the ascending colon (Case 11). 
Ameboma could also occur elsewhere in the 
large bowel such as the descending colon 
(Case 1). They may be plaque-like, or show 
nodular filling defects (Fig. 4) or may be 
seen as a short, annular mass with over- 
hanging edges, mimicking carcinoma in 
appearance (Fig. 1). The characteristic 
lesion of ameboma with its cecal irregular 
deformity, the so-called “‘coned cecum,” 
was not seen, but could also be found in 
tuberculous ileocolitis.’ 


MUCOSAL CHANGES 


These include ulcerations, thumbprint- 
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ings, destruction of the mucosa in the acute 
stages in amebomata, and total mucosal 
effacement as in the "pipe-stem" colon. 
These types have been earlier mentioned. 


ILEOCECAL INCOMPETENCE 
(Cases II, III, IV, VI, and vir) 


Incompetence of the ileocecal valve was 
seen in tae cases with total colonic involve- 
ment, due to the extension of the disease 
to the cecum and its ileocecal valve (Fig. 
6; and g'. 

The types of lesions described above oc- 
cur in all forms of combinations. 


DISCUSSION 


Most of the cases of amebic colitis in 
Ibadan ire mild and present with symp- 
toms of diarrhea with no constitutional 
upset. However, in about 25 per cent of the 
cases and in particular in those patients 
with pregnancy, malnutrition or other 
forms of impaired defense mechanisms, 
acute and severe forms of the disease 
occur.'* The illness in these cases was often 
compliczted with severe dehydration, met- 
abolic imbalance, toxemia, perforations 
and peritonitis. The mortality was also 
high in this group. 

There are few cases who continued to 
have chronic or repeated episodes of diar- 
rhea after the initial acute amebic colitis 
had been treated; such a case, described as 
postdysenteric colitis by Hurst,° is illus- 
trated by Case vir. 

Rarer still are those cases that present 
with abcominal mass in the right iliac fossa 
due to ameboma or intussusception. 

The radiologic changes tend to reflect 
the pathologic changes taking place in the 
colon. In the mild forms of the disease 
mucosal ulcerations are predominantly 
found. These are seen radiologically as 
shallow Ane serrations or as “‘saw-toothed”’ 
marginal irregularities. As they enlarge 
and become confluent they form the 
“collar-stud” abscess lying underneath the 
mucosa. In fulminating cases the ulcers 
become very deep and might perforate, or 
there may be severe destruction of the 
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mucosa. Pseudodiverticula formation has 
not been previously reported and is most 
probably due to severe ‘‘collar-stud” ab- 
scesses and/or concomitant destruction and 
weakness of the muscle layer. 

The mucosal lesions occur at multiple 
sites and varying lengths along the colon. 
The lesions could also involve the total 
length of the colon as seen in 5 of our cases; 
in these cases there was no intervening 
normal mucosa as usually described.!^ 

Amebiasis may involve the appendix 
simulating acute appendicitis.? 

In the severe form of the colitis, the 
radiologic picture may be exactlv like that 
of the idiopathic nonspecific ulcerative 
colitis with toxic megacolon and ex-reme 
distention attributed to the severe necrosis 
and damage of the muscular coat. Waen a 
plain film roentgenogram of the abdomen 
shows this picture, a barium enema exam- 
ination might carry the risk of perforation. 

The radiologic findings of lack of d sten- 
tion, ileocecal incompetence, strictures, 
and "pipe-stem" colon are demonstrations 
of the fibrosis of the lesions at these sites. 
Multiple strictures could occur. These 
lesions are found most commonly in the 
right side of the colon. Case vir, in which 
fibrosis occurred within 2 weeks, demon- 
strates the rapidity by which fibrosis could 
occur in some fulminating cases. 

The “pipe-stem” colon also marks the 
attempts at repair leading to fibrosis, rigid- 
ity and the pipe-stem configuration. This 
radiologic feature is well known in associa- 
tion with the idiopathic nonspecific nlcer- 
ative colitis; it 1s, however also found in 
amebic colitis and has been reported in 
tuberculous colitis Pseudopolyps are 
found in both idiopathic nonspecific ulcer- 
ative colitis as well as in amebic colitis. It 
is now shown that the pseudopolyps could 
also occur in amebic colitis. 

Ameboma presents radiologically like a 
tumor and can also form a nidus for the 
formation of the intussusception. Stenotic 
areas or large filling defects in the non- 
specific ulcerative colitis denote areas of 
malignant changes, whereas in intestinal 
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amebiasis they are due to amebic granu- 
lomata. However, Reed and Anderson" 
pointed out that some granulomatous le- 
sion of intestinal amebiasis may degenerate 
into malignancy. 


DIFFERENTIAL DIAGNOSIS 


The following conditions must be differ- 
entiated from amebic colitis: 

(1) Idtopathic ulcerative colitis. This dis- 
ease mimics intestinal amebiasis in many 
aspects. All changes such as “cobblestone” 
mucosa, toxic dilatation, ulcerations and 
the pipe-stem colon are seen, but are com- 
moner in nonspecific chronic ulcerative 
colitis than in intestinal amebiasis. Histol- 
ogy of a biopsy specimen or response to 
antiamebic treatment is usually the 
means of resolving the diagnosis if active 
trophozoites are not seen in the stools. Sig- 
moidoscopic appearance of the 2 conditions 
is indistinguishable.* Histology of rectal 
biopsy may provide means of differentia- 
tion? In chronic nonspecific ulcerative 
colitis there is atrophy and degeneration of 
the rectal mucosa as well as depletion of the 
goblet cells. These are absent in amebiasis. 
Colonic stricture formation is commoner 
with postdysenteric colitis than in the 
chronic nonspecific ulcerative colitis. The 
associated conditions such as erythema 
nodosum, urticaria, iritis, arthritis and 
pyoderma are not seen with postdysenteric 
colitis. 

The indirect hemagglutination test 
which is positive for amebiasis will be nega- 
tive in nonspecific ulcerative colitis. The 
latter condition, however, will give a posi- 
tive Schwartzman phenomenon. 

Amebiasis will respond to treatment 
with an amebacide such as Flagyl, but will 
not affect the nonspecific colitis.!? 

(11) Carcinoma. The classical ameboma 
is usually cecal in position, with a sym- 
metric deformity, fine marginal irregulari- 
ties and with good response to antiamebic 
therapy. Carcinoma 1s usually asymmetric 
with completely destroyed mucosa, and 
shows no response to antiamebic therapy. 
The annular type of ameboma can only be 
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differentiated from carcinoma by its re- 
sponse to antiamebic treatment or his- 
tology. 

(111) Tuberculosis. The fine serration, the 
"coned cecum,” the “pipe-stem”’ colon and 
the incompetent ileocecal valve are changes 
which have not only been described in 
amebiasis,'* but also in tuberculosis. How- 
ever, ileal involvement and pulmonary 
changes which are rare in amebiasis are 
common in tuberculosis. 

(iv) Crohn's disease. The terminal ileum 
is almost always involved in Crohn's dis- 
ease, but usually normal in amebiasis. 
Segmental involvement and multiple stric- 
tures are extremely common in Crohn's 
disease, but rare in amebiasis, even though 
2 of our cases showed this. 

(v) Actinomycosis. This is a rare disease, 
often involving the cecum and appendix 
with irregular filling defects. The draining 
sinus and the histologic appearances help 
to distinguish it from amebiasis. 

(vi) Schistosomiasis. This disease is us- 
ually a polvpoidal left-sided colitis; involve- 
ment of the cecum is rare. Stool examina- 
tion or biopsy of the rectum gives a defini- 
tive diagnosis. 

Radiologic examination is the method 
of choice for illustrating the location, tvpe, 
extent and severity of amebic intestinal 
lesions. The changes following treatment 
can also be easily demonstrated radio- 
logically. One of the other important roles 
of radiology in intestinal amebiasis is in 
demonstrating complications such as fis- 
tulae, perforation, peritonitis, cholecystitis, 
hepatic abscess and arthritis.?: 4 

There are very similar radiologic changes 
in idiopathic chronic ulcerative colitis and 
amebic colitis and only when these are 
considered along with the other epidemio- 
logic, clinical and laboratory findings can 
clear distinction between the 2 conditions 
be made. 


SUMMARY 


Fight cases of intestinal amebiasis are 
described: 4 with ameboma (one of which 
was annular in type simulating a car- 
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cinoma, and another presenting as intus- 
suscept on); 2 with toxic dilatation; 2 with 
multiple strictures; and 1 with pseudo- 
diverticala. 

Intussusception and multiple strictures 
are rare in amebiasis. Pseudodiverticula are 
unknown in amebiasis. These changes are 
reporte in this series. 

One case presenting with toxic dilatation 
demons-rated the radiologic progression 
from tk» initial ulcerative type of the dis- 
ease to the late chronic stage of the disease 
with tk» classical "pipe-stem" colon. An- 
other f-Iminating case demonstrated that 
fibrosis could occur in areas of severe 
mucosal changes within 2 weeks of treat- 
ment. 

The disease involved the cecum in all 
cases, the entire colon in 5 cases, and the 
rectum n 4 cases. 

The «close similarities in the radiologic 
appearances of intestinal amebiasis and 
nonspeafic chronic ulcerative colitis are 
emphasized. 

The ack of involvement of the terminal 
ileum in amebic colitis is stressed in the 
discussion of the differential diagnosis of 
amebic colitis. 


T. M. Kelawole, M.B. 
Department of Radiology 
University College Hospital 
University of Ibadan 
Ibadan, Nigeria 
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INTESTINAL SPECIMEN ROENTGENOGRAPHY: 
A THREE WAY CORRELATION* 
By LEONID CALENOFF, M.D., JOSEPH NORFRAY, M.D., STUART POTICHA, M.D., 
and JOSEPH C. SHERRICK, M.D. 


CHICAGO, ILLINOIS 


AC AVaN specimens from the intesti- 
nal tract lend themselves to easy roent- 
genography, only scattered reproductions 
are found in textbooks and journals. Cor- 
relation of such specimen roentgenograms 
with pathology is done sporadically in some 
institutions, but no planned and system- 
atic studies are reported in the literature. 
Correlated roentgenographic and patho- 
logic studies of intestinal specimens were 
carried out by Brahme and Lindström,’ 
but the study was limited to the vascularity 
of the intestine. 

The roentgenograms of 12 surgical in- 
testinal specimens, obtained in our Institu- 
tion in the past 6 months, prompted this 
study. The radiologist, the surgeon and 
the pathologist became directly involved. 
This correlation, revolving around the 
specimen roentgenogram, brought prac- 
tical patient management advantages in 
addition to the obvious learning and teach- 
ing values. 

Five illustrative cases are presented with 
comments on their practical or teaching 
value. 


MATERIAL AND METHOD 


Twelve cases were involved in the cor- 
relative study. Nine patients had granu- 
lomatous disease of the intestine, 2 patients 
had lymphoma of the intestine and ı 
patient had a leiomyoma. Three surgeons, 
3 radiologists and 2 pathologists were in- 
volved in the study. All patients had bar- 
ium intestinal studies performed in this 
Institution shortly before surgery. 

The initiator in each case was the radi- 
ologist who had performed the roentgen 
examination. Immediately upon comple- 
tion of the operation, the surgeon brought 


the unopened specimen to the radiologist, 
describirg in detail the operative findings 
and the surgical procedure. The specimen 
was then roentgenographed in the same 
position as the im vivo roentgenogram. 
Barium or air was usually injected into the 
specimer. with a syringe or enema tip. The 
surgical clamps were disturbed as little as 
possible. 

Filmirg was done at the table top by 
using detail screens and extremity tech- 
nique. The roentgenograms obtained in 
this marner had to show good soft tissue 
detail in order to be of value. 

A copy of the specimen roentgenogram 
was given then to the pathologist together 
with th2 specimen. The specimen was 
oriented in the same way as the roentgeno- 
grams and photographed. Pathologic ex- 
aminaticn of the specimen was carried out 
in the usual manner. 


REPORT OF CASES 


Case 1. Invasive lymphoma of the ileum. A 59 
year old man was admitted to Northwestern 
Memoria. Hospital with a 10 week history of 
progressive epigastic cramping pain, occurring 
I to 2 hours after meals and lasting about 2 
hours. Positive physical examination findings 
were limi-ed to the abdomen where a 3X8 cm. 
nontende- mass was palpated to the left of the 
umbilicus. The stool was 3+ guaiac positive 
for occult blood and the hematocrit was 30 per 
cent. 

The bzrium meal small bowel studies (Fig. 
14) revealed a dilated loop of ileum approxi- 
mately 30 cm. in length. The loop was fixed, 
had lost its normal mucosal pattern and was 
separated from the other loops by a significant 
space. 

An abdominal laparotomy was performed 
where a large firm tumor involving the ileum 


* From the Departments of Radiology, Surgery and Pathology, Northwestern Memorial Hospital and the McGraw Medica! Center 


of Northwestern University, Chicago, Illinois. 
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Fic. 1. Case 1. Invasive lymphoma of the ileum in a $9 year 
old man. (4) The small intestine barium study shows a 
moderately dilated loop of ileum which has lost its normal 
mucosal outline (arrows). The space above that loop indi- 
cates the presence of a mass. The 2 normal loops above the 
diseased loop are also separated. (B) The specimen roent- 
genogram shows better the degree of invasion of the mesen- 
tery by the lymphomatous process. The normal mesentery 
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at the edges of the specimen, near the clamps, corresponds 

to the normal small bowel in the same areas. (C) The photograph of the specimen depicts the kidney- 
shaped, fleshy appearing tumor. (D) A transverse section of the specimen shows the wide open lumen, flat- 
destroyed mucosa and the lymphomatous invasion of the mesentery. 


was found. A second mass, consisting of en- 
larged mesenteric lymph nodes, was found at 
the base of the small bowel mesentery and a 
third similar mass was found adjacent to the 
duodenum. The involved ileal loop with a short 
segment of normal bowel at each end was re- 
sected and an end-to-end anastomosis was per- 
formed. The enlarged mesenteric lymph nodes 
were not resected. 

The roentgenogram of the specimen (Fig. 15) 


showed the same size, appearance and mucosal 
pattern of the loop of ileum as on the 77 vivo 
study. The surrounding mass, however, became 
more obvious. It had a uniform “fleshy” 
appearance. The mass merged into the normal 
mesentery at about the level of normal bowel 
loops, seen at the edges of the specimen. 

A photograph of the gross specimen (Fig. 1C) 
revealed a kidney-shaped mass with a short 
segment of normal bowel at each end. The 
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mesentery was normal. The entire mass 
measured Ig X12X6 cm. A cross section of the 
specimen (Fig. 1D) showed a patent lumen, 
surrounded by thickened walls composed of 
homogeneous, light, tan-gray tissue resembling 
lymphoid tissue. The mesenteric portion of the 
bowel had a thickness of about 5 cm. 

The microscopic diagnosis was malignant 
lymphoma, mixed plasmocytic and lympho- 
cytic type, involving the omentum, lymph 
nodes and the small intestine. 


Comment. The involved loop is dilated, 
fixed and has a flat mucosa, which appears 
infiltrated or destroyed. The marked thick- 
ening of the diseased intestinal wall clearly 
separates this loop from the surrounding 
normal bowel as seen on the iz vivo roentgen 
examination (Fig. 14). This roentgeno- 
gram also reveals a space between the 2 
normal loops of small bowel immediately 
above the diseased loop. This space is 
caused by the enlarged mesenteric lymph 
nodes which are seen in 70 to 100 per cent 
of patients with intestinal lymphoma? 

The specimen roentgenogram confirms 
the maximum distensibility of the diseased 
loop and gives the exact location of the 
intestine in relationship to the mass. This 
helped the pathologist to make the proper 
section of the gross specimen. The normal 
appearing segments seen at both ends of 
the specimen indicated to the surgeon that 
the excision had been sufficiently wide. 

The specimen roentgenogram in this in- 
stance indicates that nothing more could 
have been done roentgenographically in 
vivo to better demonstrate the lesion. The 
specimen roentgenogram helps to classify 
the lymphomatous process as invasive and 
also gives some indications for immediate 
prognosis. 


Case 11. [nfiltrative lymphoma of the ileocecum. 
An 80 year old woman was admitted to North- 
western Memorial Hospital because of an en- 
larging mass at the base of her tongue. She gave 
a 2 year history of diarrhea, crampy abdominal 
pain and occasional black stools. The physical 
examination revealed a 2X1 cm. firm, non- 
tender, nonulcerated mass at the base of the 
tongue. The only other abnormal physical 
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finding was a 6X8 cm. nontender mass in the 
right lower quadrant of the abdomen. The 
barium erema and small bowel barium studies 
revealed < lesion of the terminal ileum extend- 
ing into ar involving the cecum. The lumen of 
the ileum was narrow and grossly deformed. 
The surrounding mass was penetrating and 
causing an impression upon the ileocecal valve 
and the cecum (Fig. 24). The biopsy of the 
tongue lesion revealed a malignant lymphoma, 
lymphocytic type. 

An exploratory laparotomy was performed. 
A large group of firm lymph nodes surrounding 
the celiac artery was found. In addition, multi- 
ple large lymph nodes were discovered through- 
out the mesentery of the small bowel. In the 
area of tle terminal ileum, a group of lymph 
nodes forming a mass of approximately 8 cm. 
in diamet2r was noted. This mass arose in the 
mesentery, but infiltrated the terminal ileum 
and the cecum. The terminal ileum and right 
colon with its involved mesentery was resected 
and an end-to-end ileotransverse colostomy 
was const-ucted. 

The roentgenogram of the barium-filled 
specimen (Fig. 28) showed large masses con- 
sisting of enlarged lymph nodes located in the 
mesentery of the terminal ileum above and ex- 
tending into the ileocecal valve area. The lumen 
of the ileum was still visible but the mucosa was 
markedly flattened, deformed and had a scal- 
loped appearance. Thececum was not distensible 
and a mass was seen in the ileocecal valve area. 

The ex-ernal examination of the specimen 
disclosed a multinodular ovoid tumor at the 
serosal asoect of the ileocecal valve area. The 
tumor measured approximately 11X6X6 cm. 
It appeared to consist of multiple nodules 
which had coalesced. Section of the tumor 
(Fig. 2C) disclosed a pale “fleshy” appearance 
of the cut surface. There were multiple nodules 
which were very discrete in some areas but had 
coalesced in others. The wall of the ileum was 
markedly thickened and was infiltrated and 
partially -eplaced by fleshy tumor. The most 
proximal +- cm. of the ileum had an average wall 
thickness of 3 mm. and a circumference of 4 
cm. Distzlly, the wall of the ileum became 
thicker, measuring 1.5 cm. at the ileocecal 
valve. Th2 distal 5 cm. of ileum proximal to 
the valve was partially occluded by a nodular 
appearing overgrowth of pale fleshy tumor. 
The ileocecal valve was grossly thickened and 
was replaced by tumor. The remainder of the 
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Fic. 2. Case 11. Infiltrative lymphoma of the ileocecum in an 80 year old woman. (4) Spot roentgenogram of the 
terminal ileum shows a patent lumen, which is constricted and distorted in a scalloped fashion (arrows). 
There may be a surrounding mass. The cecum appears to be infiltrated in the ileocecal valve region. (B) 
The specimen roentgenogram shows normal cecum at the top clamp and a normal ileum at the bottom 
clamp. The coalesced lymph nodes are well demonstrated above the ileum, infiltrating the terminal ileum 
and the ileocecal valve. The scalloped appearing lumen is similar to the in vivo roentgenogram. (C) The 
sagitally opened specimen shows the tumor (on both sides of the ruler) and the infiltrated ileocecal valve 


(arrows). 


cecum was adherent to the main tumor but was 
not invaded. 

Microscopic examination revealed malignant 
lymphoma, poorly differentiated lymphocytic, 
diffuse type, involving the terminal leum, 
cecum and mesenteric lymph nodes. 


Comment. Contrary to Case 1, where the 
lymphomatous process in the bowel wall 
extended into the mesentery keeping the 
lumen of the intestine open, in Case n, the 
process involving the mesenteric lymph 
nodes infiltrated the terminal ileum and 
the ileocecal valve producing stenoss. All 
the roentgen signs of infiltrative lym- 
phoma, as given by Balikian eż 437? are seen 
on the specimen roentgenogram, namely: 
thick folds, scalloped appearance, flatten- 
ing of the mucosa, and constriction. 

The specimen roentgenogram indicated 
that the lines of excision were satisfactory 
to the surgeon, it helped the pathclogist 
to orient the specimen and make the 
proper section to demonstrate the involve- 


ment. To the radiologist, it showed that 
the extent of the lesion was well demon- 
strated by the spot roentgenograms of the 
terminal ileum. 


Case ul. Leiomyoma of the jejunum. A 27 
year old man was admitted to Northwestern 
Memorial Hospital with a 10 year history of 
cramping lower abdominal pain and intermit- 
tent gastrointestinal bleeding for the past year. 
He complained of increased fatigability, cramps 
and occasionally dark stools, but was otherwise 
in good health. The physical examination was 
within normal limits. Stool specimens were 3+ 
guaiac positive for occult blood and the pa- 
tient’s hemoglobin on admission was 8.5 gm. 
per cent. 

The small bowel barium study revealed re- 
tention of barium in a diverticulum-like struc- 
ture originating from the medial wall of the 
jejunum (Fig. 34). On some of the roentgeno- 
grams, loops surrounding the barium collection 
suggested the presence of an extrinsic mass. 

An exploratory laparotomy was performed. 
A mass was found in the right upper quadrant 
of the abdomen. The mass was delivered from 
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Fic. 3. Case 111. Leiomyoma of the jejunum in a 27 year old man. (.4) The gastrointestinal examination shows 
a glove finger like collection of barium (arrows) in the right upper quadrant, filled from the loop located to 
the right of the collection. (B) The specimen roentgenogram demonstrates the subserosal character of the 
leiomyoma. The ulceration penetrates deeply into the tumor. The antimesenteric location of the mass is 
obvious. (C) The photograph of the specimen corresponds well to the specimen roentgenogram. 


the abdomen and was found to consist of a 
lobular structure measuring approximately 
I0X6 cm., which was attached to the anti- 
mesenteric border of a loop of proximal jeju- 
num. The mass had pearly, white lobulations 
as well as densely injected lobulations. It 
appeared to be leiomyoma. The mass and its 
attached jejunum were resected with approxi- 
mately 10 cm. of normal bowel on each side. 
Intestinal continuity was restored with an 
end-to-end jejunojejunostomy. 

The roentgenogram of the barium-filled 
specimen (Fig. 3B) showed a normal lumen of 
the segment of jejunum except for slight flat- 
tening at the site of an intramural mass which 
originated on the antimesenteric wall of the 
bowel extending about 4.5 cm. beyond the wall 
of the normal bowel. The subserosal location of 
the mass was well demonstrated. The tumor 
contained a long ulceration which communi- 
cated with the lumen of the bowel and corre- 
sponded to the diverticulum-like barium-filled 
structure seen on the im vivo roentgenograms. 
The lobulated appearance of the mass was well 
demonstrated. 

The gross photograph of the specimen (Fig. 
3C) revealed the subserosal location of the 
tumor which extended far beyond the wall of 
the normal bowel. Areas of hemorrhage were 
noted. The microscopic examination confirmed 
the diagnosis of a benign leiomyoma with 
central necrosis. 


Comment. The subserosal type of in- 
testinal leiomyoma is not easily detected 
roentgerographically, unless there is ulcer- 
ation connecting the lumen of the intestine 
with the necrotic center of the tumor.! The 
submucosal types extend into the lumen of 
the intestine and are more easily detected 
on a barium examination. Other occasion- 
ally encountered roentgen signs of sub- 
serosal eiomyoma can be seen on the 
specimen roentgenogram: flattening of the 
mucosa at the site of involvement and the 
presence of a soft tissue mass produced by 
the protruding tumor which may cause 
displacement of neighboring organs. 

An extraluminal "glove finger" collec- 
tion of barium may represent ulceration in 
a subserosal leiomyoma, but may also rep- 
resent a Meckel's diverticulum when the 
lesion is n the ileum. 


CasE 1v. Granulomatous enteritis involving a 
gastrojejtmostomy. A 51 year old woman was 
admitted to Northwestern Memorial Hospital 
with a 2 month history of sharp, cramping right 
upper quadrant pain. The pain occurred after 
meals amd was associated with nausea and 
vomiting. At age 34, the patient underwent a 
total colectomy with an ileostomy for what was 
diagnosec as chronic ulcerative disease of the 
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Fic. 4. Case 1v. Granulomatous enteritis invo'ving the 
gastrojejunostomy in a $1 year old woman. 4) The 
upper gastrointestinal examination shows a dis- 
tended stomach draining slowly through 2 gastro- 
jejunostomy (black arrows). The afferent loop is 
not filled, the sausage like efferent loop (white 
arrows) is narrow, rigid and empties into a mod- 
erately dilated loop of jejunum. (B) The s»ecimen 
roentgenogram shows well the granulomatous in- 
volvement of the jejunum at the anastomcsis with 
the stomach held by the horizontal clamp. The 
top vertical clamp is on the afferent lcop, the 
bottom vertical clamp is on the efferent loop. The 
increase in mesenteric fat accounts for the 3 cm. 
circumference of the involved jejunum. Mote the 
tiny but deep ulceration of the diseased segment 
and the transition of thick to normal mesenteric 
fat at the limit of granulomatous involvement. 








rectosigmoid. At age 38, the patient developed 
anorexia with weight loss of 27 pounds, ac- 
companied by vomiting and epigastric disten- 
tion. Obstruction of the second portion of the 
duodenum was found on a barium meal exami- 
nation. At operation granulomatous duo- 
denitis was diagnosed, and a gastrojejunostomy 
and vagotomy were performed. 

The physical examination was within normal 
limits at present admission. A barium meal 
examination (Fig. 44) showed a mocerately 
distended stomach with a gastrojejunestomy. 
The afferent loop did not fill. A 5 cm. segment 
of the proximal efferent loop was markedly 
narrow and deformed. Distal to this stenotic 
segment the efferent loop became moderately 
dilated. The stomach emptied very slowly. 

At operation, the stomach revealed marked 
thickening and stenosis of the pylorus. The 
anticolic gastrojejunostomy which had been 
placed high on the greater curvature of the 
stomach was stenotic. Beginning at the liga- 
ment of Treitz this afferent limb of the gastro- 
jejunostomy was normal for approx mately 
1o cm. At this point, 2 cm. from the gastro- 
jejunostomy, the jejunum became thickened 
and stenotic. The disease extended throagh the 
gastrojejunostomy and involved the proximal 
c cm. of the efferent limb. The remainder of the 
small bowel was normal. The segment of dis- 
eased jejunum including the gastrojejunostomy 
was excised. An end-to-end jejunojejunostomy 
was constructed 4 cm. from the ligament of 
Treitz, and a new side-to-side gastrojejur ostomy 
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was constructed 8 cm. distally. 

The specimen was filled with barium, oriented 
similar to the roentgenogram taken 7” vivo, and 
a roentgenogram was taken (Fig. 48). Both 
ends of the jejunum connected to the gastro- 
jejunostomy were narrow and showed super- 
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ficial and deep ulcerations with marked thick- 
ening of the mesenteric fat. 

The pathologic specimen consisted of a loop 
of jejunum with an opening at the antimesen- 
teric side representing the gastric ostium. There 
was stenosis on either end of the gastric ostium. 
The proximal narrow area was located in the 
afferent limb and was 2 cm. in length, the distal 
stenotic area was located in the efferent limb 
and was 15 cm. long. The circumference of the 
bowel wall at the narrow area was approxi- 
mately 3 cm. The mucosa was diffusely hy- 
peremic and showed patchy linear and irregu- 
lar, superficial mucosal ulcerations. The serosal 
surface had a bluish discoloration. 

The microscopic diagnosis was granuloma- 
tous disease of the jejunum at the site of the 
gastrojejunostomy. 


Comment. Granulomatous duodenitis is 
rare and most authors recommend treat- 
ment by gastrojejunostomy and vagot- 
omy.* Recurrence of granulomatous dis- 
ease after resection is usually expected 
proximal to the suture line. In this case no 
resection was done, but the jejunum was 
incised on its antimesenteric border in 
creating a gastrojejunostomy. It is interest- 
ing to note that the granulomatous disease 
recurred at this point. 

The pipe stem or sausage appearance of 
the involved segment is characteristic of 
the stenotic form of granulomatous jeju- 
nitis? The specimen roentgenogram dem- 
onstrates the typical findings of active 
granulomatous disease: the increase in 
circumference of the loop due to the hyper- 
plastic changes in the submucosa, the in- 
crease in mesenteric fat and the tiny but 
deep ulcerations. 


CasE v. Granulomatous ileitis involving a 
Meckel’s diverticulum. A 29 year old man was 
admitted to Northwestern Memorial Hospital 
with a history of 4 weeks of intermittent diar- 
rhea, occasional cramping abdominal pain and 
weight loss. He had also noted nocturia and 
pneumaturia, and occasionally his urine con- 
tained blood and particulate matter. On 3 
occasions, he described his urine as being “just 
like diarrhea." 

The patient had been hospitalized first at age 
26 after 6 months of diarrhea and a 35 pound 
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weight loss. Granulomatous ileitis was diag- 
nosed by a small bowel barium examination. 
He was placed on medical management. He was 
hospitalized again g months later with cramp- 
ing abdominal pain and a perirectal abscess. 
The perirectal abscess was incised and drained. 

At the present admission physical examina- 
tion was within normal limits. A small bowel 
barium examination revealed a long segment of 
terminal leum (Fig. 54) which was narrow, 
markedly irregular and had thickening of the 
wall. Before the barium reached the most termi- 
nal segment of the ileum, a fistulous tract was 
demonstrated leading into the rectum. The 
cecum was markedly spastic, irritable and not 
sufficient! y fully distended for evaluation. 

Cystoscopy was performed prior to surgery 
and showed edema of the left posterior wall of 
the bladder, the apparent site of a bladder 
fistula. 

An abcominal laparotomy was performed, 
revealing an inflammatory mass involving the 
distal 20-25 cm. of ileum. This mass was ad- 
herent posteriorly and attached to the bladder 
at Its right posterior superior aspect and at- 
tached to che sigmoid colon on its medial aspect. 
The terminal ileum was indurated and inflamed 
with the mesenteric fat encroaching at the 
mesenteric border of the ileum. The cecum 
appeared to be inflamed and thickened at its 
junction with the ileum. A Meckel's diverticu- 
lum arose from the terminal ileum 25 cm. from 
the ileocecal valve, and its tip was attached to 
the inflammatory mass 6 cm. from the ileocecal 
valve. The mass was dissected free of the blad- 
der, and a 3 mm. defect in the bladder was 
closed in 2 layers. When the mass was dissected 
from the sigmoid colon, a 1 cm. defect in the 
sigmoid colon was visualized. A terminal 
ileostomy and right hemicolectomy were per- 
formed with an end-to-end ileotransverse 
colostomv. 

The specimen roentgenograms with barium 
and air (Fig. 5, B and C) showed the involved 
ileam which presented multiple deep ulcera- 
tions penetrating into the submucosa. The 
Meckel's diverticulum was well seen, and was 
involved by granulomatous disease with its tip 
adherent to the terminal ileum. The cecum 
appeared to be uninvolved. 

The pathologic specimen showed that the 
portion of diseased ileum had a dull mucosal 
surface, purple tan in color, which was firm and 
indurated. Adjacent to the uninvolved part of 
ileum, there was a diverticulum measuring 3 
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Fic. 5. Case v. Granulomatous ileitis involving a 
Meckel’s diverticulum in a 29 year olc man. (4) 
The small intestinal examination shows narrow, 
distorted and ulcerated terminal ileam (white 
arrows), together with a spastic amd irritable 
cecum. There is an enterocolic fistula lez ding to the 
sigmoid with barium seen in the rec-um (black 
arrows). The specimen roentgenograms with (B) 
barium and (C) air contrast reveal a Meckel’s 
diverticulum (arrows) not demonstrazed on the 
in vivo study. The tip of the diver-icclum is ad- 
herent to the terminal ileum, which shows multiple 
ulceration extending into the submmcosa. The 
cecum appears normal on the air contrast roent- 
genogram. 


The specimen roentgenograms in this 
case point out the real value of such a study. 
The Meckel’s diverticulum was identified 
on the specimen roentgencgram but not on 
the. iz vivo roentgenogram and helped the 


cm. in length and 1.5 cm. in diameter. The 
diverticulum was adherent to the terminal 
portion of the ileum. The terminal ileur from 
the area of the diverticulum to the ilzocecal 
valve had a hyperemic edematous muccsa and 
multiple ulcerations. The cecum revealed super- 


ficial ulcerations up to 2 mm. in diameter. 

The microscopic diagnosis was granaloma- 
tous ileitis involving also the Meckel’s diver- 
ticulum. 


Comment. Granulomatous involvement 
of a Meckel’s diverticulum has been re- 
ported before. It may coexist with zranu- 
lomatous ileitis or be confined only to the 
diverticulum, as reported by Solomoas and 


Halford.? 


pathologist to orient himself in the speci- 
men and to determine the exact areas of 
involvement. The uninvolved cecum and 
ileum are well seen on the air study. How- 
ever, the cecum, although appearing nor- 
mal on the specimen roentgenograms, had 
definite superficial ulcerations on the patho- 
lozic examination. This probably accounted 
for the spasticity of the cecum on the 77 
vivo barium examination. 
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DISCUSSION 


From the comments given after the 
cases reported, it is obvious that there are 
definite benefits from a correlated study of 
diseased intestinal specimens. 

To the pathologist, who is expected to 
study the specimen in order to supply the 
surgeon not only with an anatomic diag- 
nosis, but also with data on the extent of 
the diseased process and line of excision in 
relationship to the disease, the specimen 
roentgenogram is of great help. When it is 
combined with the specimen and supple- 
mented with a photograph of the specimen, 
the pathologist can refer back to the intact 
specimen long after it has been cut. The 
exact location of the diseased process in 
space and location in the body can easily 
be determined with the aid of the specimen 
roentgenogram. 

To the surgeon, the immediately ob- 
tained specimen roentgenogram can assist 
in determining if the lesion was completely 
excised. Although frozen sections of ends 
of the specimen can be obtained, they may 
be difficult to interpret and may not reveal 
minimal disease. 

To the radiologist, the value of the speci- 
men roentgenogram can be immeasurable. 
By comparing the specimen roentgeno- 
gram with the roentgenograms done in 
vivo, the following questions can be clearly 
answered: how well was the iv vivo gastro- 
intestinal study done; what should have 
been done in terms of technique to better 
demonstrate the lesion; was the extent of 
the lesion well outlined; and finally were all 
the roentgen signs utilized to make the 
correct roentgen diagnosis? 

The teaching value of this 3 way correla- 
tion is considerable. When residents and 
students are confronted with a gastroin- 
testinal study, a clinical setting, a speci- 
men roentgenogram, a gross specimen 
photograph and a final microscopic diag- 
nosis, the entire disease process can be 
appreciated. Rather than memorizing a 
group of symptoms and the roentgeno- 
graphic appearance of a lesion, one can 
recognize why these symptoms are pro- 
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duced, and how the pathologic anatomy 
results in these characteristic roentgeno- 
graphic signs. 


SUMMARY 


A 3 way correlation in handling surgi- 
cally removed intestinal specimens is pro- 
posed. The correlation involves the radi- 
ologist, the surgeon and the pathologist 
and is centered on the specimen roent- 
genogram taken immediately after surgery. 

The advantages and teaching value of 
this correlation is illustrated by 5 cases: 2 
patients with intestinal lymphoma, 2 
patients with granulomatous disease, and 
I patient with a leiomyoma of the jejunum. 


Leonid Calenoff, M.D. 

Department of Radiology 
Northwestern Memorial Hospital 
Superior Street and Fairbanks Court 
Chicago, I linois 60611 
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HYSTERICAL ABDOMINAL PROPTOSIS* 


By M. A. LERNER, M.B., Cu.B. (Manc.) 


2ETLACH-TIKVAH, ISRAEL 


H PERICA, nongaseous abdcminal 
bloating or proptosis was described as 
long ago as 1824 by the celebrated John 
Bright, while a personal experience of 92 
cases, with a full and fascinating discassion 
of the syndrome, was reported by Alvarez.! 

The standard radiologic texts, even 
those devoted to abdominal diagnosis, 
make no mention of it, nor is it included 
in the differential diagnosis of idiooathic 
intestinal pseudo-obstruction.? 

The bloating usually develops rapidly 
and repetitively and is often painful, so 
that, as in the case reported here, i: may 
devolve upon the radiologist to save the 
patient from laparotomy. 


REPORT OF A CASE 


Agonizing screams alerted the radiologist to 
the patient on the radiographic table. The 
request-form stated simply: “Diffuse abdominal 
pain for several hours, with distentior. Any 
fluid levels?" The 38 year old patient's actions 
resembled those of a woman in labor. At inter- 
vals of several minutes she would annoumce the 
onset of another spasm, followed by screaming, 
facial contortions and breath-holding. The lat- 
eral parts of the lower abdomen began tc bulge, 
with rapid spread to the entire lower central ab- 
domen (Fig. 1), but its progression did not resem- 
ble peristalsis, nor were there any borborygmi 
or peristaltic rushes on auscultation. After 
about 2 minutes swelling and distress bated. 
The abdomen was somewhat tender. 

The supine and erect roentgenograms t Fig. 2, 
A and B) showed normal intestinal gas pattern 
with a solitary fluid level in the ptotic duodenal 
bulb. 

Horizontal-beam lateral views durimg the 
attacks (Fig. 3, // and B) showed the enormous 
degree of abdominal proptosis obtainec. It is 
apparent that this was accompanied by cescent 
of the diaphragm and displacement of zhe in- 
testines forward, with some redistridu-ion of 
the gas in them. The anterior abdominal wall, 








Fic. 1. Double exposure before and during hysterical 
abdominal proptosis in another case (courtesy of 
N. J. Roussak), but identical with ours. 


when protruded, appeared thicker rather than 
thinner as it would be in true distention; this 
represents the contribution of abdominal mus- 
cu.ar contraction to the swelling. 

Fortunate recall of an association over 20 
years earlier? resulted in thwarting surgical in- 
terest in the case and referral for social and 
psychiatric help. The radiologist's history- 
taking revealed that the patient was a young 
widow, desperately trying to rear 4 small chil- 
dren with inadequate resources; the 'colics' had 
been occurring for some 2 years and the swell- 
ing over the last 3 months. 


DISCUSSION 


Itis axiomatic that the diagnosis of func- 
tional disorders should not be merely by 
the exclusion of the organic, but by recog- 
nition of the specific psychologic patho- 
genesis and symptomatology. 

The hysterical personality and the pre- 
cipitating environmental situation have 
easily been elucidated in most of these 
cases. A century ago, when intestinal ob- 
struction used to be relieved by trocar 
through the abdominal wall, the nongaseous 
type was directly diagnosed! Subsidence of 
the bloating without passage of flatus, has 
been demonstrated by having the end of the 
rectal tube submerged in water.’ The bloat- 


* From the Department of Radiology, Tel Aviv University Medical School, Sharon Hospital, Petach-Tikvah, Israel. 
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Fic. 2. (4 and B) Supine and erect roentgenograms. No intestinal distention; no stasis. 


ing may be prolonged and various mea- 
sures, even general anesthesia, have been 
employed to terminate it. 

Mechanisms involved in its production 
include asymmetric contraction of groups 
of abdominal muscles, often painful, exag- 
geration of the lumbar lordosis and sus- 
tained depression of the diaphragm. The 
muscular contortions inevitably disturb 


«—«« 


Fic. 3. (7 and B) Supine lateral roentgenograms 
during proptosis and between episodes. The intes- 
tines are protruded forward, partly by fixed 
descent of the diaphragm and by contraction of the 
lateral abdominal muscles. The contracted anterior 
muscles add to the proptosis; in true distention the 
anterior wall would be thinned. (Collimation 

B provides suitable exposure for the anterior 

= s parietes.) 
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respiration and produce sensatiors of 
choking and distress, as well as abdominal 
tenderness. Naturally, peristalsis is normal 
in all phases of the disturbance. 


CONCLUSION 


The radiologic diagnosis stems from the 
absence of gaseous distention and the use 
of the supine lateral roentgenogram to show 
the altered contour of the parietes. dia- 
phragm, spine and abdominal musculature 
producing the proptosis. 

The radiologist needs to be cognizant of 
the radiology of hysteria! 


Hysterical Abdominal Proptosis 
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ANGIOGRAPHY IN ACTINOMYCOSIS OF 
THE ABDOMEN* 
REPORT OF 2 CASES 


By TORD OLSSON 


LUND, SWEDEN 


CTINOMYCOSIS of the abdomen is 
fairly rare.^?47 It is “the most mis- 
diagnosed disease—one which is most often 
missed by experienced clinicians.”? One of 
the main reasons for this is the varying 
pattern of the symptoms. The fungus may 
be silent for long periods in poorly vascular- 
ized tissue. It can cause phelgmon with 
marked hardness and abscesses, sometimes 
fistulating. The course is often influenced 
by secondary infections which may have 
been treated with antibiotics, so that the 
disease and the symptoms of actinomycosis 
are partly masked. 

As far as we know only 1 case of ab- 
dominal actinomycosis has been published, 
where angiography has been performed? 
Therefore, it has been thought worthwhile 
to describe another case. Both patients 
were examined at our department and the 
results of the former case have now been 
re-investigated. 


REPORT OF CASES 


Case I. (Previously reported by Boijsen and 
Reuter, 1966.?) Male, 60 years old. Appendec- 
tomy at the age of 25. Psoriasis for the past 20 
years. The patient came to the hospital after 
3 months of tiredness with loss of appetite, 
voiding urge, and pains in the right groin. A 
tumor in the right abdominal fossa was pal- 
pated. On conventional colon examination a 
tumor was found to indent the cecum (Fig. 1), 
but there was no infiltration of the wall of the 
large bowel. 

Angiography of the superior mesenteric, in- 
ferior mesenteric, and right common iliac 
artery was performed. A mass 6X6 cm. close 
to the cecum was demonstrated (Fig. 2). The 
mass was moderately hypervascularized with 
wide, well defined arteries, some of which 
showed slight changes in caliber. There was 





Kic. 1. Case 1. There is an impression in the cecum 
anc the most distal part of the ileum. 


some venous pooling, but no arteriovenous 
shunting or accumulation of contrast medium. 
The primary diagnosis was malignant tumor. 

At operation a mass was excised composed 
of omentum, appendix (sic!), peritoneum, ab- 
dominal wall, musculature, and bladder wall. 
Thus the appendix was still in place despite the 
supposed appendectomy at the age of 23. His- 
tologic diagnosis was: chronic, fistulating 
process with colonies of fungus as in actinomy- 
cosis. No complications were encountered post- 
operatively. 


Case it. Male, 50 years old, with lower ab- 
dominal pain for the past 10 years. Appendec- 
tomy at the age of 47. The patient had a stom- 
ach ulcer. At laparotomy a large, hard tumor 


* From the Department of Diagnostic Radiology (Director: Professor Olle Olsson), University Hospital, Lund, Sweden. 
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mass was found to occupy the left lower part of 
the abdomen, extending into the small pelvis. 
The cranial dorsal part of the bladder end the 
descending and sigmoid parts of the large 
bowel were infiltrated. At biopsy no signs of 
malignancy were found. Transversostomy was 
performed. On conventional colon examination 
8 days postoperatively (Fig. 3), irregular 
changes of the wall were found with stenosis 
and diverticula in a 15 cm. long part of the sig- 
moid. On repeat barium examination 1 month 
later, the appearance of the bowel was un- 
changed. At selective angiography of zhe in- 
ferior mesenteric artery (Fig. 4), tortucus and 
partly poorly demarcated arteries were seen in 
an II X15 cm. mass in the sigmoid. No lumen 
irregularities or displacement of the arteries 
and no accumulation of contrast medium in 
the mass were found. The clinical, operative 
and roentgenologic findings all indicated the 
probability of an inflammatory lesion. 

Three and a half months later another mass 
appeared in the scar of the previous laparot- 
omy. Resection of the sigmoid and part of the 
descending colon and of the mass in tae scar 
was undertaken. Histologic diagnosis: actino- 
mycosis. 


X ia. ` . S 
Fic. 2. Case 1. A mass 6X6 cm. is suppliec by the 
ileocolic artery. Moderate hypervascularization. 
Slight changes in caliber of the branches w thin the 


mass. 
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Fic. 3. Case 11. Irregular changes in the wall of the 
sigmoid with stenosis and diverticula. 


DISCUSSION 


The angiographic appearance was in the 
first case very close to that of a malignant 
lesion, which was described by Boijsen 
and Reuter as follows?: "There were dis- 
placed arteries around the lesion and ir- 
regular vessels within it. There was no ac- 
cumulation of contrast material and only 
slight early venous drainage. The angio- 






Fic. 4. Case 11. Branches from the inferior mesenteric 
artery are wide, serpentine, partly unsharply 
demarcated but not infiltrated or dislocated. 
There is some barium contrast medium retained 
in the diverticula. 
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graphic appearance of the lesion was in- 
distinguishable from carcinoma." 

On reviewing the case there is no import- 
ant change to be made in the earlier de- 
scription except that the dislocated arteries 
were wide and that there was some venous 
pooling. 

In the second patient the angiographic 
appearances were in favor of an inflamma- 
tory process; wide mesenteric arteries were 
indicative of a moderately increased flow of 
blood and the veins emptied the contrast 
medium early. Due to shrinking, the mes- 
enteric and marginal arteries were tortuous 
and the vasa recta were close to each other. 
There was no occlusion of vessels. The con- 
ditions might be interpreted as diverticu- 
litis with fibrosis® or as tuberculosis,* but 
the possibility of a poorly vascularized ma- 
lignant tumor could not be ruled out. 
Ulcerative colitis was considered unlikely 
as the vasa recta were not dilated and 
there was no accumulation of contrast 
medium in the bowel wall. Against the 
possibility of regional enteritis was the 
fact that there was no narrowing of the 
arteries in a thickened mesentery and also 
that the vasa recta did not originate at 
right angles from the stems. 

The angiographic appearances of the 2 
patients did not show any changes that 
could be looked upon as specific for actino- 
mycosis. The differential diagnosis com- 
prised poorly vascularized malignant tu- 
mor, regional enteritis, and tuberculosis. 


Tord Olsson 


OCTOBER, 1974 


SUMMARY 


Two cases with actinomycosis involving 
the large bowel are reviewed. 

At angiography one of the cases simu- 
lated a malignant tumor, the other had the 
characteristics of an inflammatory lesion. 


Department of Diagnostic Radiology 
University Hospital 
Lund, Sweden 
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PERITONEOGRAPH Y* 
DEMONSTRATION OF NORMAL AND ABNORMAL MURAL THICKNESS 


By MORTON A. MEYERS, M.D.,f STUART W. YOUNG, M.D. and 
HALAPPA G. HAKKAL, M.D.$ 


NEW YORK, NEW YORK; BCSTON, MASSACHUSETTS; AND WASHINGTON, D. C. 


HE outstanding inherent limitation 

to conventional contrast studies of the 
alimentary tract is the inability to ac- 
curately evaluate the thickness of the 
bowel wall. Opacification of the lumen in 
upper gastrointestinal series and barium 
enema studies permits delineation of the 
mucosal pattern, but only indirect signs 
must be relied upon for the roentgen di- 
agnosis of mural or serosal disease. It 1s 
apparent that definition of the wall of the 
bowel requires contrast on both its internal 
mucosal surface and its external serosal 
border. Peritoneography* is the double- 
contrast opacification of the peritoneal 
cavity, utilizing both gas and a water- 
soluble contrast medium. The contrast can 
be easily directed to appose the serosal 
surface of any portion of the bowel desired. 
When combined with a conventional intra- 
luminal contrast studv, the soft-tissue 
thickness and contour of the intervening 
bowel wall is clearly demonstrated. Fur- 
thermore, because of the renal excretion of 
the intraperitoneal water-soluble contrast 
medium, the mural thickness of the dome 
of the urinary bladder is precisely visual- 
ized. 


REPORT OF CASES 


Case 1. A 44 year old white female was ad- 
mitted because of hematemesis and tarry stools 
for 3 days, associated with intermittent epi- 
gastric pain radiating to the back. She had been 
taking increasing amounts of aspirin for inter- 
mittent headaches. 

The patient, a chronic alcoholic, had been 
hospitalized 2 years previously for a similar 
episode. Àn upper gastrointestinal series then 
showed no abnormalities. Esophagogastroscopy 
demonstrated esophagitis and mild prominence 


of a single vein in the lower third of the esoph- 
agus on Valsalva maneuver. No abnormality 
was found in the stomach. Liver biopsy docu- 
mented alcoholic hepatitis with early cirrhosis. 

Physical examination revealed mild icterus 
but no hepatosplenomegaly. Spider telangiec- 
tasias were present on the chest and neck. Stool 
gualac tests were 1+, but there was no blood 
in the gastric aspirate. Complete blood cell 
counts and serum amylase were within normal 
limits. Serum bilirubin was 1.9 mg. per cent. 

An upper gastrointestinal series showed no 
evidence of esophageal varices (Fig. 1), but 
there was a lobulated mass in the fundus of the 
stomach above the esophagogastric junction 
(Fig. 2, 4 and B). Review of the study done 2 
years previously disclosed no signs of a mass 
then. Endoscopy showed one small varix in the 
lower third of the esophagus. Examination of 
the stomach uncovered no abnormalities in the 
mucosa and no definite evidence of mass in the 
region of the gastric fundus. A repeat upper 
gastrointestinal series confirmed the presence 
of a mass. Because of the appearance of this 
over a 2 year interval and the confusing find- 
ings on esophagogastroscopy, the possibility 
that it was extrinsic to the stomach was con- 
sidered. 

Peritoneography was then performed simul- 
taneously with the ingestion of barium (Fig. 
3). This clearly documented localized thicken- 
ing of the medial wall of the gastric fundus and 
established the lobulated mass to be intra- 
mural in nature. Varices of the gastric fundus 
were diagnosed and further substantiated by a 
splenoportogram (Fig. 4). 


Comment. Unequivocal determination of the 
mass to be truly intramural and not extrinsic 
in nature was established by peritoneography. 
With synchronous barium opacification of the 
gastric lumen, the precise dimensions and con- 
tour of the localized thickening of the wall can 
be visualized. 


* From the Departments of Radiology, The New York Hospital-Cornell University Medical Center, New York, New York;? 
Peter Bent Brigham Hospital, Harvard Medical School, Boston, Massachusetts;f and Georgetown University Medical Center, Wash- 
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Fic. 1. Case 1. Esophagogram. No evidence 
of esophageal varices. 


Case u. A 52 year old cirrhotic male was 
hospitalized because of weight loss. During his 
work-up, a liver scan showed several diffuse 
areas of decreased uptake suggesting the possi- 
bility of hepatic metastases. Peritoneoscopy 
demonstrated a cirrhotic liver without evi- 
dence of secondary deposits. No other definite 
abnormalities were visualized. 

Peritoneography was performed immediately 
afterward, as a complement to the endoscopic 
study. The double-contrast examination (Fig. 
5) disclosed an unsuspected mass thickening of 
the wall of the stomach along the distal pars 
media. It extended not only into the gastric 


»— 


Fic. 2. Case 1. (/4 and B) Upper gastrointestinal 
series. There is a lobulated mass along the medial 
wall of the gastric fundus above the esophagogas- 
tric junction. 


M. A. Meyers, S. W. Young and H. G. Hakkal 
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lumen but into the gastrocolic ligament as well. 
A subsequent upper gastrointestinal series 
(Fig. 6) :onfirmed the intraluminal projections 
of an inf Itrating carcinoma. At surgery, exten- 
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sion of the mucosal lesion through the wall into 
the gastrocolic ligament was found. 


Comment. This clinically unsuspected lesion 
was not evident during direct endoscopic visual- 
ization of the peritoneal cavity. Its presence 
was first detected by peritoneography which 
also demonstrated its full extent. The gastro- 
intestinal series shows only its projection in- 
ternally toward the gastric lumen, but cannot 
reveal its infiltration through the serosal aspect 
into the supporting mesenteries. 


Case nr. A 39 year old Egyptian farmer, 
known for many years to be S. haematobium and 
S. mansoni positive, was evaluated for diarrhea. 

Peritoneography was combined with a con- 
ventional barium enema-air contrast study of 
the colon (Fig. 7). Diffuse colonic polyposis 
was demonstrated as typical intraluminal fill- 
ing defects. In addition, however, marked 


thickening of the colonic wall to 10 mm. was 
clearly shown as a symmetrically widened soft- 





STOMACH 


Fic. 3. Case 1. Peritoneogram, with simultaneous 
upper gastrointestinal series. Left posterior oblique 
(LPO) Trendelenburg projection. Peritoneal con- 
trast (PC) on the serosal surface of the stomach 
demonstrates lobulated thickening of the gastric 
wall (arrows) and documents that the mass is 
intramural in nature. 


Peritoneography 
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Fic. 4. Case 1. Splenoportogram shows opacification 
of the huge varices in the gastric fundus, but 
demonstrates no esophageal varices. A spontane- 
ous spleno-renal shunt is present. 


tissue density between the mucosal surface 
demarcated by the intraluminal air and the 
serosal surface outlined by the intraperitoneal 
positive contrast. 


Comment. Significant thickening of the colon 
wall over a considerable length involved by 
polyposis is strikingly shown by peritone- 
ography. In active schistosomiasis, this mural 
thickening indicates the progression from early 
exudative polypoid lesions to residual inactive 
intramural fibrosis. Normally, the colonic wall, 
as demonstrated by peritoneography (Fig. 8), 
is usually quite thin. A common exception is 
seen in cases of the prediverticular stage of sig- 
moid muscle hypertrophy. Primary mural and 
serosal disease or extension of mucosal lesions 
through the wall may be determined by peri- 
toneography. 


Case Iv. A 48 year old Egyptian mason 
worker was evaluated for an 8 year history of 
dysuria with recent gross hematuria. Intrave- 
nous urography demonstrated multiple filling 
defects of the urinary bladder consistent with 
polyps. The patient was S. haematobium posi- 


. tive. 


Peritoneography permitted, on delay films, 
evaluation of the urinary bladder and the ad- 


jacent peritoneal reflections and recesses. In 


addition to the multiple, large filling defects 
within the urinary bladder, the study clearly 
showed diffuse mural thickening of its dome 
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Fic. 5. Case 11. Peritoneography. Right lateral pro- 
jection. Contrast medium in the peritoneal cavity 
and normally occurring air within the lumen of the 
stomach discretely outline the normal symmetric 
thickness of the greater curvature (black arrows). 
Along the distal pars media (open arrows), the 
wall is disrupted and irregularly thickened by a 
mass which projects both into the lumen and ex- 
ternally into the region of the gastrocolic ligament. 





Fic. 6, Case 11. Upper gastrointestinal series shows an 
infiltrating carcinoma of the distal body and 
antrum. 
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(Fig. $4) with infiltration of the adjacent 
paravesical fossa (Fig. 9B). The changes indi- 
cated a bladder carcinoma, of at least a Stage 
C nature. Surgery documented multiple car- 
cinomas with intramural and perivesical exten- 
sion associated with a few S. haematobium 
polyps of the bladder. 


Comment. The absorption by the peritoneal 
surfaces of the water-soluble contrast medium 
used ir peritoneography not only contributes 
to the safety of the procedure but, with renal 
excretion, provides opacification of the kidneys, 
ureters and urinary bladder. This occurs within 
20 to 32 minutes. The intraperitoneal positive 
contrast medium gravitates to the dependent 
pelvis m the supine position, so that delayed 
films ccasistently demonstrate the thickness of 
the dore of the urinary bladder. Normally, it 
Is smoc-h and symmetric, averaging 1-3 mm. 
in dept- (Fig. 10/7). Its dimensions vary some- 
what w:th the degree of bladder distention and 
the extent of its curvature presenting parallel 
with the roentgen beam (Fig. 102). The pelvic 
recesses of the peritoneal cavity consist of the 
central pouch of Douglas and the lateral para- 
vesical '»ssae. These may be clearly seen in the 
supine rrojection but are often best visualized 
in the erect position (Fig. 11). Any disturbance 
of their symmetry or smooth margins indicates 





Fic. 7. Case 111. Peritoneogram with barium enema- 
air contrast examination. Accompanying diffuse 
polypos s, marked thickening of the colonic wall 
is showa (arrows) by positive contrast apposing 
the serosal surface. 
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a definite abnormality. Their involvement, 
whether by mass displacement or actual inva- 
sion, as in Case Iv, is useful in staging a bladder 
neoplasm. 


Fic. 8. Peritoneography with simultaneous barium 
enema study demonstrates the normal thickness 
and contour of the right colonic wall. The mural 
soft tissue stripe outlined between the mucosal 
and external surfaces (arrows) averages 1-2 mm. 
in thickness and symmetrically parallels the con- 
tour of the lumen. 


Peritoneography 
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Fic. 9. Case 1v. Peritoneography. With renal excre- 
tion of the contrast medium following its peri- 
toneal absorption, the lumen of the urinary blad- 
der is opacified. Remaining intraperitoneal con- 
trast medium can be directed to the pelvic cavity. 


(4) Oblique roentgenogram shows markedly 
thickened wall (arrows) of dome of bladder which 
contains multiple filling defects. (B) Supine view 
demonstrates gross irregularizy of the peritoneal 
reflection of the left paravesical fossa (arrows), 
indicating extensive infiltration. (Reproduced with 
permission of Radiology.) 


DISCUSSION 


Conventional barium studies of the ali- 
mentary tract most accurately diagnose 
lesions resulting in mucosal alterations or 
viscus displacement. The classic roentgen 
differential diagnosis between mucosal, 
submucosal (intramural) and extrinsic le- 
sions is a distinction made on indirect 
signs only, based upon the contours of a 
defect. Terminology includes such de- 
scriptions as "mural defect," yet the 
actual wall of the structure studied 1s 
rarely visualized roentgenologically. Rou- 
tine contrast studies permit direct roent- 
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Fic. 10. (4 and B) Peritoneography. Two examples 
of the normal thickness of the dome of the urinary 
bladder (B). Its normal range of 1-3 mm. is de- 
pendent upon the bladder’s distention and con- 
tour relative to the roentgen beam. 


genologic examination of the mucosal con- 
tour alone. Only occasionally, and then 
often by chance, can the wall of a structure 
be seen. On plain film roentgenograms in 
obese patients, rich serosal and omental 
fat may faintly outline the greater curva- 
ture of the stomach, the superior border of 
the transverse colon, and rarely small 
bowel loops in the right lower quadrant. 
Mural densities may be identifiable for- 
tuitously during high dose urography as a 
phenomenon of total body opacification.® 
Arteriography may demonstrate the wall 
of a viscus as a mural blush during the 
capillary phase. Parietography has been 
used as a method of demonstrating the 
gastric wall by insufflation of oxygen into 
the peritoneal cavity with simultaneous 
inflation of the stomach by an effervescent 
powder, combined with tomography.! 
Peritoneography extends the roentgeno- 
logic diagnostic capabilities in intraab- 
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domina. disease by providing a consistent 
detailed parameter of wall thickness, sero- 
sal contour, and transmural extension of 
disease. The presence of intraperitoneal gas 
enhances the positive contrast and com- 
pensates to some degree for the effect of 
gravity in positioning. Contrast medium 
may thus be easily and consistently ap- 
posed te the serosal surface of any viscus 
projecti-g within the peritoneal cavity. 
With the mucosal surface of the bowel out- 
lined by swallowed air, introduced gas, or 
particul-rly conventional contrast studies, 
the mural dimensions are easily appreci- 
ated as the intervening soft-tissue density. 
The coiacident urogram obtained is very 
useful t» complement the opacification of 
the peri-oneal cavity itself, and provides 
accurate assessment of the dome of the 
urinary bladder. The ability of peritone- 
ography to diagnose occult lesions and to 
stage lesions preoperatively, otherwise of- 
ten difficult??? is apparent. 


SUMMARY 


Conventional contrast studies of the 
alimentary tract do not directly demon- 
strate the wall. 

Peritcneography, the intraperitoneal in- 
stillation of a water-soluble contrast me- 
dium and gas, consistently permits precise 
detailed evaluation of the mural thickness 
of the bowel and the dome of the urinary 
bladder. It extends roentgenologic diag- 
nostic c-pabilities in intraabdominal dis- 
ease in demonstrating occult lesions, the 





Fic. 11. Feritoneography, erect view. The urinary 
bladder B) is opacified. Intraperitoneal contrast 
medium distends the mid-line pouch of Douglas 
(PD) and the lateral paravesical fossae (PV). 
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THE MANY FACETS OF SCLEROSING FIBROSIS 


By RICHARD D. KITTREDGE, M.D.,* and ARTEMIS D. NASH, M.D.T 


NEW YORK, NEW YORE 


T 52 concept of sclerosing fibrosis as an 
idiopathic histopathologic entity 1s 
well established in the medical literature. 
Depending on its location in various parts 
of the body, it has been variously described 
as retroperitoneal fibrosis, sclerosing media- 
stinitis, sclerosing cholangitis, Riedel’s thy- 
roiditis and orbital pseudotumor, to men- 
tion the most common examples. More re- 
cently there have been several well docu- 
mented reports of 2 or more of the above 
mentioned conditions observed in the same 
patient, either simultaneously or develop- 
ing at a later date.^^" This evidence 
strongly supports the notion that these 
conditions represent manifestations of a 
common process having perhaps a systemic 
basis. The term “multifocal fibrosclerosis’”® 
appears to be an appropriate designation 
for cases of multiple organ involvement. 

In the radiologic literature excellent re- 
ports of the individual entities mentioned 
above are numerous; however, attempts to 
unite them into a common concept have 
been considerably less frequent. 

The following selected cases reflect the 
most common aspects of multifocal fibro- 
sclerosis. 


REPORT OF CASES 


Case 1. This 48 year old man had a history 
of mild hypertension, a nonfunctioning right 
kidney, and faint visualization of a partially 
obstructed left kidney seen elsewhere on intra- 
venous pyelography (IVP) 1 year before ad- 
mission. Intermittent complaints of low back 
pain and bilateral flank pain were elicited at 
that time. Surgery was refused by the patient. 

In the year preceding this admission, inter- 
mittent flank pain remained a problem. Repeat 
IVP, followed by retrograde pyelography 
showed marked dilatation of the left kidney 
collecting system with dilatation of the left 
ureter down to its midportion (Fig. 1; and 2). 





Fic. 1. Case r. Intravenous pyelogram reveals a non- 
functiening right kidney and faint visualization of 
a part ally obstructed left kidney. 


Renal z-teriogram showed a normal left renal 
artery. “ome increased size of the upper pole of 
the left kidney was noted. The right kidney 
was small. He had a blood pressure of 164/96 
mm. Heg, pyuria, blood urea nitrogen (BUN) 
60 mg. per cent, and creatinine 7.0 mg. per cent. 

The patient underwent a left kidney explora- 
tion at ~hich time the left ureter was found to 
be surrcinded by dense scar tissue starting be- 
low the uretero-pelvic junction for a distance 
of 4 inches. The ureter was successfully released 
from this tissue using blunt dissection and a 
nephrostomy tube was placed (Fig. 3). 

Biopsy showed a process of hyalinizing fibro- 
sis with sparse mononuclear inflammatory cells 
involving the fibroadipose tissue, but not the 
ureteral wall proper (Fig. 4). Biopsy of the left 
kidney -evealed tubular hydronephrosis and 
acute p-elonephritis. 
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New York. 


t Department of Pathology, St. Luke's Hospital Center, New York. 
288 


Vor. 122, No. 2 The Many Facets of Sclerosing Fibrosis 289 


The patient’s clinical status and renal func- 
tion improved steadily and he is asymptomatic 
at present, 21 years after surgery (Fig. 5). 


Case 11. A 32 year old white male had a his- 
tory of intermittent jaundice, occasional right 
upper quadrant pain, and slowly progressive 
obstruction type of liver disease for the past 
7 years. An exploratory laparotomy performed 
early in the course of his illness revealed a 
white-pink firm mass, §5X3X2 cm., sharply de- 
lineated, obscuring the common bile duct. This 
mass was incised and the exposed common bile 
duct was found to be rigid and thick-walled. 
No other pathology was found in the remainder 






‘ 


Fic. 3. Case 1. At operation, a nephrostomy tube was 
inserted in the lower pole dilated left collecting 
system. The left ureter was released from its en- 
casing fibrosis (arrow). 





Fic. 4. Case 1. Typical appearance of sclerosing 


Fic. 2. Case 1. Retrograde pyelogram, immediately fibrosis, involving retroperitoneal tissues sur- 
following intravenous pyelography, shows a small rounding the ureter. Notice diffuse pattern of 
right kidney and a dilated partially obstructed left ribbon-like areas of hyalinization with a scattering 
kidney with a narrowed mid third of the left cf inflammatory cells, mostly lymphocytes (H & E, 


ureter retracted medially (arrow). 100X). 
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Fic. 5. Case 1. Two and a half years after the initial 
intravenous pyelography better function and less 
obstruction were seen in the kidney. 





" 


Fic. 6. Case 11. The common duct (arrow) is very 
narrow, seen by filling from a tube placed in the 
proximal common duct at operation. 
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of the biliary system, and there were no gall- 
stones. 

Cholengiography during the procedure and 
postoperatively through a T-tube, revealed 
marked aarrowing of the segments of the com- 
mon duct and almost complete involvement of 
the intrahepatic biliary tree (Fig. 6; and 7). 
After placement of a T-tube, there was marked 
decrease in jaundice and obstructive liver 
chemistries. 

On a subsequent admission the same year a 
cholecystojejunostomy was performed because 
of recurrent biliary obstruction. Percutaneous 
liver bicpsies spanning the interval from 1966 
to October 1973, showed a steadily progressive 
picture of cholangitis, péricholangitis and bile 
stasis, resulting in frank biliary cirrhosis, con- 
sistent with extrahepatic biliary obstruction. 
Biopsy c* the common bile duct in 1966 demon- 
strated 2 process of dense transmural fibrosis 
with chronic inflammatory reaction (Fig. 8). 

The patient did reasonably well during the 
intervening 6 years with occasional episodes of 


L kg 


Fic. 7. Case 11. T-tube cholangiogram shows very 
markec narrowing of the right and left hepatic 
ducts and intrahepatic radicals (arrows). 
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jaundice but generally in good health. For the 
last 3 years he has been maintained on small 
doses of Prednisone. In the past year the patient 
developed symptoms consistent with mild ul- 
cerative colitis for which he is being treated 
supportively. 


Case 111. This 40 year old Black woman was 
admitted to St. Luke’s Hospital Center in 1965 
for hemoptysis. She gave a history of recurrent 
episodes of epistaxis and hemoptysis for 8 years, 
initiated by bouts of respiratory infections. Her 
past medical history up to that point had been 
entirely negative. 

On several previous admissions, numerous 
laboratory tests were negative for any systemic 
or infectious disease. Cardiopulmonary studies 
disclosed no bronchial or pulmonary parenchy- 
mal disease, but demonstrated mild elevation 
of the pulmonary arterial pressure. Pulmonary 
arteriogram revealed a normal pulmonary ar- 
terial system; however, the venous phase of the 
pulmonary arteriography suggested large pul- 
monary veins dilated just before their entrance 
into the left atrium (Fig. 9; and Io). 

In 1964 she underwent exploratory right 
thoracotomy, but no significant pathology was 
discovered. 

After repeated subsequent bouts of hemop- 
tysis she developed an upper respiratory infec- 
tion associated with massive hemoptysis which 
precipitated her death. 

At autopsy there was an ill-defined rubbery 
to hard white fibrous mass, 4 cm. in maximum 
dimensions, surrounding the hilar region of each 
lung compressing and invading the pulmonary 





Fic. 8. Case 11. Section of the common bile duct 
showing dense fibrosis and chronic inflammatory 
reaction involving the entire thickness of the wall 


(H & E, 100X). 
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Fic. 9. Case 11. Pulmonary arteriogram reveals 
a normal pulmonary arterial system. 


veins and markedly reducing their lumina, 
particularly on the right side (Fig. 11). The 
bronchi and the primary branches of the pul- 
monary arteries were also surrounded by, and 
densely adherent to this tissue, but their lu- 
mina, although fixed, did not appear con- 
stricted. The entire right lower lobe was 





Fic. 10. Case 111. Venous phase of the pulmonary ar- 
teriography suggests large pulmonary veins at 
their entrance into the left atrium (arrow). 





Fic. 11. Case 111. Fibrotic mass in hilum of right lung 
extending into the pulmonary vein (black arrows). 
Hilar lymph nodes (clear arrow) are surrounded, 
but not involved by the sclerotic process. 


hemorrhagic and necrotic and the bronchial 
tree contained viscid hemorrhagic secretions 
with a cast of what histologically proved to be 
infarcted lung parenchyma in the lumen of the 
right lower lobe bronchus. 

Histologically, the hilar masses consisted of 
dense fibro-collagenous tissue with scattered 
infiltrates of leukocytes, both polymorpho- 
nuclear and mononuclear types. This process 
surrounded and infiltrated the wall of the major 
pulmonary veins (Fig. 12) and to a lesser ex- 
tent, the bronchi and pulmonary arteries. It ex- 
tended into the pulmonary parenchyma in the 
perihilar region and out into the mediastinal 
space, abutting on the esophageal wall. The 
hilar lymph nodes were spared and appeared 
unremarkable. 

The intrinsic pulmonary vasculature showed 
marked venous dilatation and fibrosis as well 
as moderate arteriolar sclerosis, characteristic 
of prolonged severe obstruction to the pulmo- 
nary outflow. The remainder of the postmortem 
examination was unremarkable. 


Case 1v. This 60 year old patient came to the 
hospital with severe respiratory distress. Three 
months prior to this, the patient had had a 
thyroidectomy in another hospital. Following 
the operation the patient had been in an oxygen 
tent for 10 days with severe respiratory diffi- 
culty and stridor. After some improvement she 
was discharged, but continued to have respira- 
tory difficulty and stridor. 
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Histo-y and physical examination were rela- 
tively unremarkable. Direct laryngoscopy and 
bronchoscopy of the larynx were normal. No 
paralysis, edema or tumor was noted. In the 
mid-tracheal region about the fifth ring there 
was a concentric area of fibrotic tissue causing 
marked stricture. The lumen was diminished 
approximately 75 per cent. No record of intra- 
tracheal intubation was obtained. 

Tomographic studies of the trachea revealed 
a smoot tapered narrowing of the tracheal air 
column at the level of the second and third 
thoracic vertebrae. Surrounding the trachea at 
this level was a poorly defined soft tissue 
density extending bilaterally to the substernal 
area (Fig. 13). 

The patient was taken to the operating room 
for remcval of the stricture of the lower trachea. 
At operation, the strap muscles and surround- 
ing tissues were bound down by considerable 
scar tissue. The fifth tracheal ring had under- 
gone complete collapse and had disappeared 
and was replaced by a segment of scar tissue 
causing marked narrowing of the trachea at 
this poir t. 

Biopsies revealed residual thyroid gland in- 
filtrated by a relatively acellular collagenous 
stroma disrupting greatly atrophic follicles and 
forming wide interstitial septa (Fig. 14). Im- 
mediately surrounding the follicles there was a 
dense infiltrate of small lymphocytes without 
formaticn of germinal centers, which differen- 
tiated iz from Hashimoto’s thyroiditis. The 
fibrotic process extended beyond the thyroid 
gland and infiltrated the adjacent skeletal 
muscle (Fig. 15). 





Fic. 12. Case 111. Fibrosis with inflammatory cells is 
destroying the wall of the pulmonary vein (arrow), 
and is protruding into the lumen (H & E, 100 X). 
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Biopsy of the constricted trachea at the level 
of the fifth ring showed infiltration of the wall 
by a similar process extending up to and causing 
ulceration of the mucosa (Fig. 16). 


Case v. A 34 year old Black woman was ad- 
mitted to St. Luke’s Hospital Center for work- 
up of recurrent swelling of the right arm and 
face of 2 months’ duration. 

She was first seen by a physician for swelling 
of her right arm, which improved after dis- 
continuing oral contraceptives, which the pa- 
tient had been taking for the past 10 years. How- 
ever, the swelling soon recurred, accompanied 
by cyanosis and she was admitted to another 
hospital where a diagnosis of right subclavian 
vein thrombosis was made by venography, and 
the patient was treated with anticoagulants. 

Within the following month, she noted pain- 


Fic. 13. Case 1v. Tomogram of the trechea reveals 
a smooth tapered narrowing of the tracheal air 
column at the level of the mass (arrow). 
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Fic. 14. Case iv. Sclerotic fibrous tissue and small 


lymphocytes extensively replace the thyroid pa- 
renchyma, leaving a few atrophic follicles present 


(H & E, 160 X ). 


ful swelling of her neck and the right side of her 
face and in the week before her admission to 
St. Luke's Hospital Center she developed dys- 
pnea, dysphagia, and abdominal cramps. 

Her past history revealed that she had been 
taking amphetamines (desoxyn) for weight con- 
trol for 10 years, but was otherwise negative 
for any illness. 

Physical examination revealed mild right 
facial and arm swelling, marked bilateral cervi- 
cal swelling with hard flat to nodular masses in 
the lateral cervical and supraclavicular region, 
originally interpreted as matted lymph nodes. 
In addition, there was a hard fixed mass over 
the right iliac area. 

Roentgenogram of the chest showed a widen- 
ing cf the superior mediastinum from the clavi- 


= 





Fic. 15. Case rv. Skeletal muscle, adjacent to thyroid 
gland, dissected by hyalinized, relatively acellular 
fibrous tissue (H & E, 100X). 





F "IG. 16. Case 1v. The process of fibrosis has perme- 
ated the wall of the trachea and caused ulceration 
of the overlying mucosa (H & E, 40 X). 


cle to the level of the hilum (Fig. 17). IVP was 
normal except for a 4X 4 cm. mass in the right 
lumbar area, displacing the ureter medially 
(Fig. 18). All ‘other laboratory tests were within 
normal limits. 

Biopsies of the cervical and lower abdominal 
masses revealed identical histology, consisting 
of active fibroblastic cell growth, interspersed 
with acute and chronic inflammatory cells and 
with varying degrees of collagen fiber deposition 
(Fig. 19; and 20). 

The patient was started on Prednisone, 60 
mg. O.D.; within the next 10 days her cervical 
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Fic. 17. Case v. Chest roentgenogram shows a right 
mediastinal mass from the clavicle to the level of 
the hilum. 
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and abdominal masses receded dramatically 
and her mediastinal shadow disappeared on the 
chest rentgenogram. She was discharged 
symptor -free on steroid maintenance and has 
been fol.owed since by a private physician. He 
reports taat, although he was able to gradually 
taper her dose of Prednisone to § mg. without 
recurrence, when he stopped medications, there 
was prompt reappearance of the symptoms, 
necessitating re-institution of steroid therapy 
up to the present, 15 months after diagnosis. 


DISCUSSION 
RADIOLOGY 


The radiologic presentation of multifocal 
fibrosclerosis depends upon the involve- 
ment o” the organ systems present in the 
area an- less often the effect of pressure or 
displacement by a new growth. Perhaps the 
most dramatic and potentially the most 
catastrophic syndrome commonly seen 1s 





Fic. 18. Case v. Intravenous pyelogram shows a firm 
fixed mass in the right iliac area (upper solid 
arrow) with the mid third of the ureter displaced 
toward the mid line (open arrow). The lower one 
third o the right ureter is also slightly abnormal 
in its position, being more medial than normal as 
it reaches the level of the bladder (lower solid 
arrow). 
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the superior vena caval obstruction. The 
superior vena cava, because of its thin wall 
and low intraluminal pressure is most vul- 
nerable to compression, distortion, and 
finally obstruction by fibrous tissue. It is 
interesting to note that obstruction of the 
superior vena cava first called attention to 
fibrous mediastinitis. +1415 In both of our 
cases (Cases ur and v) of mediastinal 
fibrosis, the superior vena caval obstruction 
was not prominent, although it is con- 
sidered by some to be the characteristic 
finding of this entity. In Case 111 the major 
pulmonary veins were primarily and se- 
verely affected and in Case v extension into 
the subclavicular and lateral cervical re- 
gions with obstruction of the subclavian 
and jugular veins was dramatic. Chest 
roentgenogram commonly shows either 
hilar masses or mediastinal widening with 
occasional displacement or narrowing of 
the trachea. 

When angiography 1s performed, occlu- 
sion of the superior vena cava shows 
marked collateralization in an effort to 
drain the upper extremities and jugular 
veins. The azygos system becomes promi- 
nent, if occlusion of the superior vena cava 
is above the entrance of the azygos system. 
If occlusion is below the entrance of the 
azygos system, then the hemiazygos sys- 
tem drains into the inferior vena cava. 
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FIG. 19. - v. ive niet pst and a tial 
fibroblasts in a loosel y-textured collagenous stroma 
are the predominating elements in this patient's 
rapidly growing masses (H & E, 400 X). 
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tion, and an arteriole, which shows no evidence of 
vasculitis (H & E, 400X). 





Marked collateralization is noted through- 
out. The radiologic picture takes on the 
classical appearance of malignancy in the 
chest, either primary or secondary. The 
proper diagnosis in this setting is extremely 
important because of the potential rapid 
response to appropriate therapy. 

Stenosis of the pulmonary veins can be 
associated with idiopathic fibrosing medias- 
tinitis.*:!° Chest roentgenograms may re- 
veal increase in pulmonary vascular mark- 
ings often greater in the upper lobes. The 
hilar areas become prominent. Sudden epi- 
sodes of hemoptysis associated with ex- 
treme dyspnea and cyanosis are character- 
istic. Hemoptysis often occurs during diag- 
nostic procedures such as bronchoscopy or 
even angiography (Case 111). In most pa- 
tients reported, dyspnea and hemoptysis 
were striking manifestations. Death re- 
sulted in all cases, as in our case. The 
pathologic physiology of pulmonary vein 
obstruction is similar to that described in 
pure mitral stenosis. Angiography may re- 
veal some irregular narrowing of the pul- 
monary arteries, but perhaps more striking 
is the dilatation of pulmonary veins at or 
just before their entrance into the left 
atrium. 

When the retroperitoneal space is af- 
fected, the most striking radiologic finding 
is extrinsic ureter compression. *: 9:11.12,16,18—20 

Preliminary roentgenogram of the ab- 
domen may show disappearance of the nor- 
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mal fat lines which outline the various 
retroperitoneal structures. This absence of 
fat planes may assist in identifying a mass 
of fibrous tissue. The radiologic diagnosis is 
strongly suggested by excretory urography. 
The ureters deviate medially often close to 
the uretero-pelvic junction and often pass 
straight downward close to the lateral mar- 
gins of the lumbar vertebrae. When fibrosis 
extends into the pelvis, the ureters lose their 
usual lateral curvature. As the disease pro- 
gresses, obstruction of the ureters occurs. 
The most common site of obstruction is at 
the level of the fourth and fifth lumbar 
vertebrae. The fibrosis can cover the aorta 
and vena cava down into the pelvis and 
often extends laterally to involve the blad- 
der and rectum. It may extend to involve 
the common bile duct and the root of the 
mesentery, cause duodenal obstruction, and 
extend through the crura of the diaphragm 
as fibrous mediastinitis. 

Pain is a common early symptom. As the 
disease progresses, involvement of the 
ureters and other structures such as bowel 
induce specific symptomatology. Kidney 
infection secondary to obstruction is com- 
mon. Extension to involve the biliary sys- 
tem is referred to as sclerosing cholangitis 
and most often presents with jaundice due 
to diffuse thickening of duct walls produc- 
ing a cord-like texture on palpation. The 
diffuse sclerosis may involve the entire duct 
system or may be limited to the common 
hepatic and common bile duct.9.? 

Visualization of the ductal system is 
either accomplished preoperatively by per- 
cutaneous transhepatic cholangiography or 
T-tube cholangiography during surgery or 
postoperatively. The intrahepatic ducts 
may be smoothly narrowed or irregularly 
narrowed with intervening normal seg- 
ments. The common duct may show diffuse 
narrowing of the lumen over short or longer 
segments with the remainder of the biliary 
tree relatively normal in contour and lumi- 
nal diameter. 

The clinical picture can be very similar 
to carcinoma of the pancreas, bile duct, 
ampullae or gallbladder. Differentiation 
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from tumor in this area is difficult, but ex- 
tremely important, since therapy is now 
available in sclerosing fibrosis. Involve- 
ment of specific localized areas or organs 
can be nore confusing. Enlargement of the 
thyroid by fibrosis can mimic thyroiditis or 
carcinona. Secondary involvement of the 
tracheal supporting cartilage may cause 
eventucl necrosis and collapse with severe 
respiratory distress. Again this mimics the 
invasive destructive quality of malignant 
tumor. 

As ore reviews the radiologic and clinical 
picture of multifocal sclerosing fibrosis, it 
becomes apparent that the invasive, ob- 
structive character of this process always 
suggests tumor. Because of the highly effec- 
tive use of steroids in this condition, proper 
and early identification becomes crucial. 
Biopsy and/or exploration of the involved 
area are necessary for diagnosis. 


PATHOLOGY 


The gross appearance of sclerosing fibro- 
sis is ore of pale, scar-like tissue encasing 
and constricting the underlying hollow 
structures it involves, depending on its 
geograp ic location. Thus the trachea, the 
mediast nal large veins, the bronchi, and 
pulmonary veins, the esophagus, the com- 
mon anc hepatic bile ducts, the ureters and 
pelvic veins have most commonly been in- 
volved. The fibrosis may take the form of 
flat, plaque-like tissue, or nodular, circum- 
scribed, tumor-like masses. Its consistency 
has always been described as stony hard or 
"wooder." It tends to spare the regional 
lymph nodes. 

The histologic criteria for the diagnosis 
of multifocal fibrosclerosis are extremely 
simple, consisting of an overgrowth of fibro- 
collagenous stroma with varying degrees of 
fibroblastic activity and hyalinization, re- 
sulting occasionally in broad, keloid-like 
collagen bands. The fibrosis is virtually 
always connected with an infiltrate of in- 
flammatory cells of all types, but predomi- 
nantly lymphocytic. Blood vessels are rela- 
tively sparse and usually do not exhibit an 
inflammztory involvement. The relatively 
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bland picture of this lesion belies its in- 
filtrative capacity which differentiates it 
from the mere constrictive effect of ordi- 
nary scar tissue. 

The clinical picture of obstructive symp- 
toms combined with a surgeon’s operative 
report of ill-defined hard tissue mass or 
"frozen pelvis" is strongly suggestive of 
true malignancy from which this condition 
must be differentiated. The pathologist 
must be sure to search for the presence of 
malignant cells in the desmoplastic stroma 
and thus rule out a carcinoma, primary or 
metastatic, Hodgkin’s disease and, depend- 
ing on the location, a well differentiated 
fibrosarcoma. Finally, the condition should 
not be confused with fibromatosis, which 
presents a noninflammatory growth of 
fibroblastic and collagenous nature, and 
affects chiefly tendons and fasciae of the 
soft tissue. 


ETIOLOGY 


It must be stressed that the etiology and 
pathogenesis of this disease remain obscure. 

Several reports have linked cases with 
infectious agents, notably Histoplasma cap- 
sulatum, particularly in the mediastinal 
location.*:! 

Drug sensitivity appeared to be a plaus- 
ible cause in a group of cases with a history 
of Sansert (methysergide maleate) inges- 
tion for migraine headaches, reported by 
Graham? in 1966 and in subsequent spo- 
radic reports. Various autoimmune or 
collagen diseases, such as lupus erythema- 
tosus, periarteritis nodosa, rheumatoid ar- 
thritis, and Reynaud's phenomena have 
been the underlying diseases in some cases, 
—an association suggestive of a hypersen- 
sitivity or immunity disorder as a possible 
etiologic factor.!*?? Finally, genetic factors 
have been implicated in a case report of 
multifocal fibrosclerosis occurring in the 
offspring of a consanguineous union.? 

In one of our cases (Case 11), the patient 
developed a mild ulcerative colitis 7 years 
after the onset of sclerosing cholangitis. In 
a series of 8 cases of sclerosing cholangitis,’ 
3 cases had ulcerative colitis—an incidence 
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that indicates a possible pathogenetic rela- 
tionship. The long history of amphetamine 
ingestion in I of our cases (Case v) was in- 
teresting, but it is considered unlikely to 
represent the cause of such a fulminating 
and rapidly progressing process as hers was. 
A search through the literature revealed no 
other such reports. There remain, however, 
a majority of reported cases in which no 
underlying inflammatory or other condi- 
tions exist. 


SUMMARY 


Five cases of sclerosing fibrosis, each 
affecting a different organ or system or a 
combination of systems, are described to 
illustrate the concept that these are differ- 
ent manifestations of a common process 
having perhaps a systemic etiologic basis. 

We feel that the terms “‘sclerosing fibro- 
sis" and ''multifocal fibrosclerosis" are 
more appropriate designations than the 
various terms adopted in the past, which 
have very limited topographic application, 
i.e. “sclerosing mediastinitis,” etc. 

The characteristic pertinent radiologic 
and pathologic features are discussed. 

Differentiation from malignant tumors 
and the importance of early diagnosis are 
stressed because of the effective therapeutic 
response to the use of steroids in this con- 
dition. 

Richard D. Kittredge, M.D. 
Department of Radiology 
St. Luke's Hospital Center 


Amsterdam at 114th Street 
New York, New York 10025 
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INFUSION TOMOGRAPHY OF THE 
FEMALE PELVIS* 


By LEON LOVE, M.D., MYRON MELAMED, N.D., RICHARD A. COOPER, M.D., 


Ca 


ROGELIO MONCADA, M.D., and HAROLD SCHWARTZ, M.D. 
MAYWOOD, ILLINDIS 


GINCE the original description of total 
bedy opacification in infants by O’Con- 
nor and Neuhauser,® this phenomenon has 
been utilized diagnostically in ovarian cysts 
in infants? uterine fibroids? gallbladder 
disease,’ adrenal cysts and other condi- 
tions as well. 

Martin et al! describe the radiologic 


phenomenon of total body opacification’ 


following intravenous injection as a condi- 
tion in which contrast medium opacifies the 
structures of the body in proportion to 
their blood supply. Cattell* has shown that 
this occurs because a peak plasma level is 
obtained almost immediately; it then 
rapidly declines representing the initial 
mixing of the contrast medium in the 
vascular compartment. A further fall in 
plasma level occurs which is dependent 
upon equilibration of the contrast medium 
in its body fluid space, and concomitant 
excretion of the compound via glomerular 
filtration. 

Intravenous urography is often used 
prior to gynecologic surgery, in order to 
determine the presence of renal anomaly 
or disease. Simultaneous roentgenographic 
study of the pelvic inlet offers additional 
information about an ovarian or uterine 
mass. Before involution and necrosis, uter- 
ine fibroids consist of a mass of proliferat- 
ing arteries with few, if any, veins within 
the tumor. The capillary network and 
interstitial space are profuse with drainage 
via veins around the periphery.5 Birnholz? 
suggests that passive interstitial accumula- 
tion of the contrast material accounts for 
the opacification of leiomyomata. Visual- 
ization of cyst walls within ovarian lesions 
most likely represents vascular pooling of 


contrast medium .within the wall itself. 
The avascularity of the cyst content ac- 
cour.ts for its radiolucency. The use of 
large amounts of contrast medium by in- 
fusion technique combined with tomogra- 
phy of the pelvic inlet can in many 
instances offer significant information rela- 
tive to the nature of a pelvic tumor. 


TECHNIQUE 


We have found the infusion technique to 
be superior to a bolus intravenous injection 
as iż prolongs the vascular phase of the 
metabolism of the contrast medium, there- 
by celaying the period of declining plasma 
levels and allowing greater time for effec- 
tive tomographic study. 

The suggested technique is: 


1. Freliminary anteroposterior roentgeno- 
grams of the abdomen (14X17 inch 
s.2e). 

2. Intravenous infusion of 300 cc. (adult) 
sterile aqueous solution of 30 per cent 
meglumine diatrizoate which contains 14 
per cent (42.3 grams per 300 cc.) bound 
iodine.* Contrast material is delivered in 
epproximately 7-10 minutes. 

3. After completion of infusion, the follow- 
ing are obtained: 

(a) Abdomen, anteroposterior 14X17 
inch roentgenograms to evaluate 
kidneys and pelvic inlet. 

(b) Midline pelvis zonogram, reviewed 
by radiologist who requests addi- 
tional cuts at 1 cm. intervals to 

‘evaluate density in question. 


Contraindications to this procedure are a 


* Eeno-M-Dip (TM) Squibb. 


* Presented as a Scientific Exhibit at the Seventy-fifth Annual Meeting of the American Roentgen Ray Society, San Francisco, 


California, September 24-27, 1974. 


From the Department of Radiology, Loyola University of Chicago Medical Center, Stritch School of Medicine, Maywood, Illinois. 
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history of serious reaction to contrast 
medium, or known pregnancy. 


RADIATION EXPOSURE 


Radiation exposure is a definite consider- 
ation in tomography of the female pelvis. 
Table 1 illustrates the absorbed gonadal 
dose per tomogram at the specified condi- 
tions. 

The average acceptable gonadal ab- 
sorbed dose for radiation workers per year 
is 5,000 millirems.! Any patient may, of 
course, exceed these recommendations if 
the need exists. 


MATERIAL 
Figures 1 to 9 illustrate 9 cases represent- 
ing examples of this technique. 
SUMMARY 


A method of simultaneous study of the 
urinary system and female pelvic tumors 


Love et al. 


OCTOBER, 1974 


TABLEI 
RADIATION CONSIDERATIONS 








66 kv. 70 kv. 
Absorbed gonadal dose with 293 362 
ovaries :I.5 cm. deep millirems | millirems 
Absorbed gonadal dose with 388 465 
ovaries -o cm. deep millirems | millirems 





by the ir fusion technique and tomography 
of the pelvic inlet is presented. 

Examples of uterine fibroids, ovarian 
cysts and tumors, and sacral meningocele, 
as well as an unexpected demonstration of 
pregnancy, are shown. 


Leon Love, M.D. 

Department of Radiology 

Stritch Scl ool of Medicine 

Loyola University of Chicago Medical Center 
Maywood, Illinois 60153 





Fic. 1. Case 1. A 33 year old female with dysmenorrhea 
and constant pelvic ache for 3 months. Pelvic examina- 
tion revealed a right-sided mass of questionable nature. 

(4) Intravenous pyelogram showing compression of 
the inferior right aspect of the bladder. (B) Infusion 
tomogram showing this lesion to be well circumscribed 
and radiolucent with a thin wall (arrows). (C) Speci- 


men: a 4X6 cm. corpus luteum cyst. 
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Fic. 2. Case 11. A £4 year old female who was 5 years postmenopausal and presented with vaginal bleeding of 
6 weeks' duration. 

(A) Intravenous pyelogram reveals a solid appearing mass which compresses the superior aspect of 
the bladder. (B) Infusion tomogram demonstrates a smooth walled cystic mass on the left (double arrows) 
compressing the uterus to the right (single arrow). (C) Specimen: a 580 gram ovarian cyst measuring 
12X 81 X81 cm. The ovary is unilocular with a smooth inner lining and contains 500 cc. of clear yellow fluid. 
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Fic. 3. Case 11. A 28 year old female 


with right lower quadrant abdominal 
pain. 

(4) Intravenous pyelogram demon- 
strates a tumor mass compressing the 
superior aspect of the right side of the 
bladder. This mass is seen to contain 
calcifications. (B) Infusion tomogram 
demonstrates a fairly solid right-sided 
mass which is seen to contain calcifi- 
cations and a second mass in the left 
pelvis which is seen to be radiolucent 
with a thin wall. (C) Specimen: a 
large ovarian dermoid which was 
found in the right pelvis. At surgery a 
left cystic dermoid was found as well. 


Love et al. 
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Fic. 4. Case 1v. A 34 year old female with a gradually enlarging pelvic mass. 
(4 and B) Infusion tomograms demonstrate a solid mid ine mass arising from the pelvis. (C) Specimen: 


an 8 weeks’ gestation size uterus containing multiple fibreids. 
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Fic. 5. Case v. A 52 year old female with an en- 
larging pelvic mass of 4 months' duration. 
(4) Intravenous pyelogram demonstrates 
an ill-defined right-sided mass. (B) Infusion 
tomogram demonstrates the mass to have a 
thick irregular wall and thus probably be a 
malignancy. (C) Specimen: a right ovarian 
papillary adenocarcinoma with both cystic 
and papillary areas. 
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Fic. 6. Case vi. A 26 year old female 2 months post partum and presenting with an enlarging abdominal 


mass: suspect pregnancy. 

(A) Intravenous pyelogram demonstrates a right pelvic mass to the level of L-3 (arrowheads). (B and C) 
Infusion tomograms demonstrate a large thin walled cyst with multiple sections revealing alternating 
areas of increased radiolucency (arrowheads). (D) Specimen: a nght ovarian cystacenocarcinoma mea- 
suring 20 X I1 X 10 cm. with multiple papillary excrescer.ces growing within the cyst cavity. 
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Fic. 7. Case vri. A 78 year old female with vaginal bleeding of 2 months’ duration. 

(4) Intravenous pyelogram demonstrating compression of the superior aspect of the bladder by a pelvic 
mass. (B) Infusion tomogram demonstrates a thick walled cystic appearing mass compressing the right 
side of the bladder. The thickness of the wall of this mass suggests malignancy. (C) Microscopic diagnosis 
is adenocarcinoma of the endometrium. The pathology report states “the intrauterine lumen is irregular 
with a grayish discoloration throughout the necrotic content.” The myometrium is irregular measuring 21 
cm. at its greatest thickness. 


$ 
VA Lov N AN - 
La E iDate - +) 






REFERENCES unreported sign. Radiology, 1972, 105, 303-307. 


1. Basic Radiation Protection Criteria. Naticnal 3 CARLSON, D. H., and Griscom, N. T. Ovarian 
cysts in newborn. Am. J. ROoENTGENOL., Rap. 


Council on Radiation Protection and Measure- Y E 
ments, Report No. 39. NCRP Publication, [HERAPY & Nucrear MED., 1972, 176, 664- 
Washington, D.C., 1971. 672. 

2. BiRNHorz, J. C. Uterine opacification during 4. CarreLL, W. R. Excretory pathways for contrast 
excretory urography: definition of previously mediz. Invest. Radiol., 1970, 5, 473-486. 


Vor. 122, No. 2 


Fic. 8. Case viri. A 33 year old unmarried female 
presented with a melon sized pelvic mass and 2 
negative pregnancy tests. 

(4) Intravenous pyelogram demonstrates a solid 
appearing pelvic mass with a questionable radio- 
lucent center. (B) Infusion tomogram shows 
the mass to have a smooth, thick wall and a defi- 
nite radiolucent center which represents amniotic 
fluid (arrows). Patient denied sexual contact; 
however, when confronted with the evidence the 
story unfolded. 
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Fic. 9. Case 1x. A 22 year old female with a pelvic 
mass and increasing constipation of 3 months' 
duration. 

(A) Intravenous pyelogram demonstrates the 
bladder to be displaced anteriorly and to the left. 
Note “C” shaped defect in the distal sacrum. (B) 
Infusion tomogram demonstrates the thin, smooth 
rim of a radiolucent meningocele (arrows). This 
was proven at surgery. 
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ULTRASONICALLY GUIDED PERCUTANEOUS 
ASPIRATION OF ABSCESSES* 


By EDWARD H. SMITH, M.D., a4 ROYAL J. BARTRUM, Jr., M.D. 
With the Technical Assistance of Phili- Bailey, U.S.T. 
BOSTON, MASSACHUSETTS 


ULSED ultrasound has proven to be a 

valuable aid in evaluating patients with 
possible intra-abdominal or retroperitoneal 
abscesses.^" When the abscess reaches 3 
cm. in size, it can be identified in the ma- 
jority of cases. Occasionally some diag- 
nostic difficulty will arise, however, when 
the abscess contains solid elements or 
when the clinical situation points to other 
explanations for a cystic abdominal mass. 

We have used ultrasonically guided as- 
piration of the suspected abscess in such 
cases and consistently have been able to 
confirm the diagnosis. 


REPORT OF CASES 


CasE 1. A 66 year old male was admitted 
with acute fulminant pancreatitis. His early 
course was stormy with extensive abdominal 
and retroperitoneal hemorrhage and tissue de- 
struction. Seventeen days after admission, a 
large right retroperitoneal and scrotal abscess 
was drained. The postoperative course was 
satisfactory until the twenty-third hospital day, 
when the patient experienced increasing fever, 
abdominal pain and a slight elevation in 
amylase. Ultrasound examination of the abdo- 
men revealed a large right retroperitoneal 
fluid collection in addition to a subphrenic 
fluid collection (Fig. 1, 4 and B). The surgical 
drain was ineffective since the fluid collection 
was deep to the drainage site. Because of the 
difficulty in clinically distinguishing between an 
infected pseudocyst or a sterile collection in a 
patient with chronic pancreatitis, the fluid 
collection was aspirated under ultrasonic 
guidance, purulent material obtained, and the 
diagnosis of abscess confirmed. A second surgi- 
cal drainage was performed and the patient 
continues to do well. 


Case 11. A 75 year old male was admitted for 
abdominal pain and vomiting. His white blood 





Fic. 1. Cass 1. (4 and B) Transverse ultrasonograms 
through -he liver in a patient with a large sub- 
hepatic abscess. 

(4) At low sensitivity both the liver and abscess 
are seen. B) At high sensitivity the liver has filled 
in with echoes, while the abscess remains anechoic. 


cell count was 16,500 per mm.? and his tem- 
perature was 101° F. without spiking. Intra- 
venous py<lography showed a mass in the lower 
pole of the left kidney. Arteriography revealed 
a poorly vascular mass compatible with either 
abscess or tumor (Fig. 2, 4 and B). An ultra- 
sound examination showed a mass consistent 
with abscess, but a necrotic tumor could not 
be exclude- (Fig. 3, 4 and B). Aspiration of the 
mass revealed pus. The patient subsequently 


* From the Department of Radiology, Harvard Medical School and the Peter Bent Brigham Hospital, Boston, Massachusetts. 


This work was supported in part by USPHS Grant GM.1910. 


309 


Vor. 122, No. 2 Ultrasonically Guided Percutaneous Aspiration of Abscesses 309 


underwent surgical drainage of a large renal 
carbuncle. He did well postoperatively. 


Case ut. A 24 year old juvenile diabetic 
received a cadaver renal transplant in March 
1973. Her native kidneys were left intact. The 
transplant functioned well, but persistent uri- 





Fic. 3. Case u. (4 and B) Ultrasonograms of the 
same patient as in Figure 2. 

(A) Longitudinal prone scan. The long arrow 
points to the upper pole of the kidney. The short, 
curved arrow shows the abscess in the lower pole. 
(B) Transverse scan through the abscess showing 
it to be anechoic. 


nary tract infections necessitated a right native 
nephrectomy and drainage of a right peri- 
nephric abscess in December 1973. The initial 
postnephrectomy course was good. Drainage 
from the wound ceased; the patient was 
afebrile and ready for discharge. On the 27th 
postoperative day, spiking fever, abdominal 
tenderness and an elevated white blood cell 
count again suggested an infectious process. 
The old wound was opened, but no new collec- 
tion of pus was found. Urography and multiple 
plain roentgenograms were unremarkable. After 
much debate as to whether her course was due 
to rejection, an infected lymphocele, or an 
occult infection unrelated to her urinary tract, 
an ultrasound examination was performed. Her 
transplant kidney was shown to be normal, but 
an area suspicious for abscess was visible at the 


Fic. 2. Case 11. (4 and B) Left selective renal approximate site of the previous right nephrec- 


arteriograms in a patient with a large renal abscess. OMY (Fig. 4, 4 and B). Since this area was 
A tumor cannot be excluded. difficult to evaluate because of previous surgery 


(A) Arterial phase. (B) Capillary phase. and infection, percutaneous aspiration was 
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Fic. 4. Case 111. (4 and B) Retroperitoneal abscess 
in a patient with a renal transplant. 

(4) Longitudinal supine ultrasonogram showing 
multiple anechoic areas in the right flank. The 
transplanted kidney is in the right iliac fossa. (B) 
Transverse section through the abscess with pa- 
tient lying on left side. 


performed under ultrasonic guidance and pus 
was obtained. At surgery, a large retroperi- 
toneal abscess was found to extend to the sub- 
phrenic area. 


CASE Iv. A 19 year old male developed acute 
renal allograft rejection 2 months after trans- 
plantation which necessitated nephrectomy. 
Shortly after the allograft was removed, a 
mycotic aneurysm developed in the internal 
iliac artery involved in the transplant. This was 
excised and the patient did well postoperatively 
and was discharged. Five months later, he was 
readmitted with pain at the site of the trans- 
plant. Temperature was gg? F., white blood 
cell count 10,300 per mm.*. A plain abdominal 
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roentgenogram, barium enema examination and 
arteriography were unrevealing. An ultrasound 
scan showed echo-free areas in the transplant 
bed (Fig 5, 4 and B). 

Because of confusing clinical findings and a 
history cf previous surgical procedures in the 
area, it was felt that the diagnosis of abscess 
should be confirmed by aspiration with ultra- 
sonic guidance. Pus was obtained and a surgical 
incision and drainage subsequently performed. 


Fic. 5. Case tv. (4 and B) Arteriogram and ultra- 
sonogram of patient with an abscess in the bed of 
previous renal transplant. 

(4) Arteriogram reveals only collateral vessels 
and postsurgical changes. (B) Transverse supine 
ultrasoncgram shows anechoic areas in left pelvis 
highly suspicious of an abscess. 
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DISCUSSION 


Percutaneous aspiration has been profit- 
ably used to diagnose many types of ab- 
dominal pathology. A limitation of the 
technique has been the difficulty in know- 
ing the exact location of the needle point. 
The development of special ultrasound 
transducers which permit the accurate 
placement of the biopsy needle has greatly 
expanded the usefulness of aspiration 
biopsy.'? The ultrasonically guided punc- 
ture technique has been described in detail 
by Holm et al. and consists of locating the 
suspicious lesion using standard B-mode 
ultrasound. After the lesion has been iden- 
tified, the regular transducer is replaced 
with the biopsy transducer which has a 
central canal through which the needle is 
passed (Fig. 6). The direction of the needle 
is assured by the transducer and the de- 
sired depth of puncture can accurately be 
determined from the A-mode display. 

Using this technique, Kristensen e¢ al. 
have had a go per cent success rate in 
diagnosing renal mass lesions. Rasmussen 
et al.» compared the technique with stan- 
dard blind Menghini biopsy in liver lesions. 
They reported an 85 per cent success rate 
in aspirating liver lesions with ultrasound 
as compared with 23 per cent for the blind 
Menghini biopsy in the same institution. 

Despite the apparent advantages of this 
technique in the evaluation of possible 
intra-abdominal abscess, there has been 
only 1 report of its use in this condition.® 
We do not use aspiration in all patients 
with suspected abscess because the clinical 
setting and ultrasound examination are 
usually adequate for making the diagnosis. 
The cases reported show how the judicious 
use of guided percutaneous aspiration can 
clarify the diagnosis when confusion arises. 
This is especially important when the 
patient's clinical condition is precarious 
and the surgeon requires a confirmed diag- 
nosis. When surgery is not possible or 
necessary, the organism may be cultured 
and the appropriate antibiotic chosen. 

Morbidity appears to be insignificant 





F-c. 6. Ultrasonic biopsy transducer with aspiration 
needle and syringe. 


but the possibility of extension of the in- 
fection must be considered. If prompt 
surgical treatment is to follow, this hazard 
appears to be minimal. 
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SUMMARY 


Ultrasonic examination can reliably diag- 
nose intra-abdominal or retroperitoneal 
abscesses in the majority of patients. Some 
cases in which the diagnosis is unsure or a 
precarious clinical condition contraindi- 
cates exploratory surgery can be defini- 
tively diagnosed by an ultrasonically guided 
aspiration of the suspected abscess. 

The discomfort and risk are minimal. 

Four cases are reported to demonstrate 
the value of such aspiration in selected 
patients. 


Edward H. Smith, M.D. 
Department of Radiology 
Harvard Medical School 

25 Shattuck Street 

Boston, Massachusetts 02115 
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THE SIGNIFICANCE OF A PALPABLE LIVER* 
A CORRELATION OF CLINICAL AND RADIOISOTOPE STUDIES 


By ARTHUR T. ROSENFIELD, M.D.,t IGOR LAUFER, M.D.,t and PETER B. SCHNEIDER, M.D. 


BOSTON, MASSACHUSETTS 


HEU palpation is routinely per- 
formed and widely used to diagnose 
liver enlargement. A palpable liver edge 
first draws attention to possible liver en- 
largement, but most texts add the proviso 
that percussion 1s necessary to define the 
upper border of the liver.!?:4 $:12:3 However, 
their emphasis is placed on exclusion of 
major downward displacement of the dia- 
phragm and liver rather than on the use of 
percussion and palpation together to ob- 
tain an exact liver span. In a limited series, 
Peternel eż al." found that the upper border 
of the liver as determined by percussion 
was frequently lower than that determined 
by hepatic scintiscan (up to 5.5 cm.). In 
addition, pathologv in the lower right 
pleural cavity such as consolidation may 
make liver dullness seem higher than it 
actually is. The limitations of hepatic 
percussion are well recognized and it ap- 
pears that in practice palpation alone is 
widely. accepted as adequate for the detec- 
tion of hepatomegaly. This is evidenced by 
our review of hospital charts which showed 
that percussion was frequently neglected 
even when the liver edge was palpated. 
Furthermore, many patients, solely on the 
basis of palpable edge, have been referred 
for liver scanning to evaluate "hepato- 
megaly." 

A comparison of physical examination 
with autopsy findings? in a series of patients 
showed that palpability was not a good 
index of hepatomegaly, but that study was 
limited by variable time interval between 
the physical examination and death and by 
the possibility of immediate premortem 
changes such as acute hepatic congestion. 
Another study? demonstrated that the liver 


scan can give a measure of liver size that 
correlates well with autopsy findings. 
Methods to evaluate liver size on radio- 
isotope scan using multiple levels of back- 
ground erase, planimetry,® and area? and 
volume calculations!® have all been advo- 
cated. We have recently shown that a 
single vertical measurement made at a 
point halfway between the xiphoid and 
right liver margin has excellent correlation 
with hepatic disease.!! 

Since many clinicians still accept the 
philosophy of F. M. Hanger, Jr. that “one 
good feel of the liver is worth any two liver 
function tests, ? the present study, using 
our method, not only compares palpation 
with the radioisotope scan as an index of 
hepatomegaly, but also correlates both 
those modalities with laboratory and tissue 
diagnosis to determine their relative reli- 
ability as criteria for hepatic pathology. In 
addition, the projection of the liver below 
the right costal margin on scan 1s com- 
pared with palpability. 


MATERIAL AND METHOD 


One hundred in-patient liver scans were 
chosen randomly from scannings per- 
formed between 1967 and 1972 (age range 
24-85 years). These consisted of approxi- 
mately equal numbers of studies done with 
colloidal Au!?? and Tc??» sulfur colloid. The 
scans were made on a § inch dual head 
rectilinear scanner with use of image dif- 
fusion (data blending), and similar tech- 
nical factors were used in all cases. The 
xiphoid and the costal margin were indi- 
cated on the scan. At a point half-way be- 
tween the xiphoid and the right liver mar- 
gin, the vertical dimension of the liver was 


* From the Nuclear Medicine Unit, Departments of Radiology and Medicine, Beth Israel Hospital and Harvard Medical School, 


Boston, Massachusetts. 
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TOTAL CASES 







L] NOT PALPABLE 
B 





OF CASES 


NUMBER 


Fic. 1. Palpability and scan size of liver in all cases 
of the series. Each column represents the scan 
size +0.5 cm. of the indicated size. 


measured. Compared to other lengths, we 
have shown this measurement to be the 
most reliable indicator of hepatic enlarge- 
ment and pathology.!! The projection of the 
liver below the costal margin was also 
measured. Each patient's hospital chart 
was independently reviewed. All patients 
had determinations of SGOT and alkaline 
phosphatase and most also had leucine 
amino peptidase (LAP) determinations. 
The highest value of these enzymes re- 
corded during the admission in which the 
scanning was performed was noted for data 
analysis. Autopsy or biopsy results, if done 
within 6 months of the scan, were noted. 
The palpability of the liver as indicated on 
the intern's discharge summary was used 
for comparison with the scan size. To ex- 
clude ambiguous cases, for the purpose of 
this paper only, those palpable 1 cm. or 
more below the right costal margin were 
regarded as palpable (i.e. those recorded 
as palpable just at the costal margin were 
regarded as nonpalpable). 


RESULTS 


All cases were charted according to scan 
size as in Figure 1 with an indication of pal- 
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pabilitv. The scan size (mean 4 s.d.) of the 
palpable livers was 15.5 +3.3 cm. and of the 
nonpalpable livers 14.0 +2.5 cm. As can be 
seen frem these data and the Figure, pal- 
pabilitr was not a good index of enlarge- 
ment of the liver. For further analysis the 
cases were divided into those with normal 
and abnormal livers. A third group was 
defined as those livers found enlarged by 
scan. 

Normal, Thirty-three of the 100 patients 
were normal by all the following criteria: 

I. Normal SGOT, bilirubin, and LAP 
(or alkaline phosphatase where the LAP 
was not done) during the entire hospital 
admission. 

2. No tissue abnormality, if a biopsy or 
postmortem examination was performed. 

3. No focal abnormalities or heterogene- 
ous uptake on the scan. 

This group is charted in Figure 2. The 
scan size was 12.7+1.4 cm. with a maxi- 
mum size of 15.4 cm. There were 12 nega- 
tive bicpsies or autopsies and no positive 
ones. OF this group 15 of the 33 livers were 
palpable with a scan size of 12.9 +1.7 cm. 
The 18 nonpalpable livers have a similar 
size distribution with a mean of 12.5 +0.6 
cm. 


NORMAL CASES 


10 
[| NOT PALPABLE 
ES PALPABLE 


NUMBER OF CASES 
un 






10 12 14 16 
SCANNED SIZE (cm) 


Fic. 2. Palpability and scan size of liver in cases 
with no evidence of hepatic disease. 
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Abnormal. All the remaining 67 cases 
were considered abnormal. Of these, 35 
had only abnormal SGOT, bilirubin, and/or 
LAP, 3 had a positive tissue diagnosis of 
hepatic disease but normal enzyme studies, 
and 29 had both abnormal laboratory 
values and a positive tissue diagnosis. The 
tissue diagnoses consisted of 23 cases of 
metastatic carcinoma, 3 of “fatty change," 
2 of cirrhosis, 2 of chronic hepatitis, 1 of 
bile stasis due to common duct obstruction 
and 1 sclerosing angiohamartoma. As can 
be seen from Figure 3, the palpable livers 
were distributed throughout this group 
with a scan size of 16.5+3.2 cm., com- 
pared to the nonpalpable livers with a 
scan size of 15.0+2.7 cm. The 4 largest 
livers were all palpable. No significant dif- 
ference was noted in scan size or frequency 
of palpability between the 36 cases which 
were abnormal by enzymes alone and the 
31 biopsy proven cases. 

Enlarged by scan. Based on the analysis 
of the normal group," a size of greater than 
15.6 cm. on the scan was defined as liver 
enlargement. All livers enlarged by this 
criterion were in the abnormal group dis- 
cussed above. As can be seen from Figure 
1, of the 37 cases in this group only 24 were 
palpable. The projection of the liver below 
the costal margin on the scan was 5.3 +3.0 
cm. for the palpable livers of this group and 
5.6+3.0 cm. for the nonpalpable livers. 
The clinically noted extension below the 
costal margin of the palpable livers which 
were enlarged by scan (Table 1: Group 1) 
was 6.7+3.4 cm. For comparison, the 
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15 ABNORMAL CASES 







O NOT PALPABLE 
[d PALPABLE 


NUMBER OF CASES 


10 12 14 16 18 20 22 24 26 
SCANNED SIZE (cm) 


Fic. 5. Palpability and scan size of liver in cases 
with some indication of hepatic disease. 


clinical extension below the costal margin 
of palpable livers which proved not to be 
enlarzed by scan (Table 1: Group 111) was 
5.0 t 3.0 cm. 


DISCUSSION 


In only 29 per cent of our cases was there 
agreement between the presence or ab- 
sence of hepatic enlargement as defined by 
the scan and the clinicians! findings by 
palpation (Table 1: Groups 1 and 1v). The 
question then arises which of these diag- 
nostic maneuvers is the more accurate or 
useful. Based on the analysis of our normal 
group we have been able to define an upper 
limit of liver size as measured on the scan; 
i.e., every case in our series with a liver 
“height” of 15.5 cm. or greater, measured 
vertically at a point half-way between the 
midsternal line and the right lateral liver 


TABLE Í 


CORRELATION OF PALPABILITY, ENLARGEMENT BY SCAN, AND DOWNWARD DISPLACEMENT OF LIVER 


——————————————————— M ————M— HH 


Group d ie poc Palpable 
I 24 + + 
II i3 + — 
III 28 -— + 


IV 35 — 


Distance Below Costal Margin 





Scan Size 

(cm. +5.D.) by scan by palpation 
(cm. +S.D.) (em, d$:5.D.) 

i3..0+4.6 5.93.0 6.4344 

POTLAÀ $.5:E:3.0 O 

s E Pe Ges oe i 4.42329 COES. 

12.97 340.4 9.071 2.4 O 


Ie 
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border, had some evidence of hepatic dis- 
ease. Such a correlation with disease could 
not be derived from the palpability of the 
liver edge. It should be pointed out that 
the value for the upper limit of normal of 
scan size that we have adopted may be dif- 
ferent for different techniques of liver 
scanning, Since the liver edge as seen on an 
isotope scan is never an absolutely sharp 
line, its actual placement will vary some- 
what with the contrast properties of the 
final scan image. However, for any given 
scanning technique the normal liver 
“height” can be determined and regardless 
of whether or not this measurement.can be 
directly converted to liver weight, which is 
the ultimate measure of hepatomegaly, it 
serves as an index of liver size which is 
better related to pathology than palpation. 
A normal liver size by scan obviously does 
not rule out disease. 

One of the possible explanations for the 
frequent palpability of livers which are not 
enlarged by scan might be that some livers 
are displaced downward by low lying 
diaphragms. This is undoubtedly true in 
some cases and indeed in our series there 
was a significant difference (p<.o05) be- 
tween the mean displacement below the 
costal margin of the normal size palpable 
and nonpalpable groups (Table 1: Groups 
ut and iv). However, that cannot be a gen- 


eral explanation, since 14 of the palpable 


livers extended a shorter distance below the 
costal margin than 1o of the nonpalpable 
livers. 

Another possible explanation is that 
those livers which are palpated but not 
actually enlarged are diseased and there- 
fore have a firmer consistency. In our series 
this was not the case since only 12 of the 
28 livers which -were palpable but not en- 
larged by scan (Table 1: Group u) had 
any evidence of abnormality. There were 
4 positive autopsies in this group and 6 
negative ones; 3 biopsies were negative and 
I positive. By contrast in Group mu (Table 
1) all had an abnormal LAP and 6 had a 
positive tissue diagnosis (no tissue was re- 
ported as negative), yet none of these 13 
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livers were palpable. It is not clear why 
such livers should have been missed by 
Ascites might interfere with 
palpation but this could have explained 
only ore of these cases. Obesity or other 
variaticns of body build could well play a 
role, but such factors were not specifically 
evaluated. 

A lack of experience on the part of the 
physicien might result in an inaccurate 
physical examination and contribute to the 
lack of correlation between palpability 
and scan size of the liver. In our study the 
statement of palpability was taken from 
the discharge summary and any differences 
between the intern and resident or visiting 
physician would presumably have been re- 
solved in favor of the most reliable exam- 
ination. Ás a further check of this point, we 
analyzed our results on the basis of tri- 
monthly time periods and found that the 
correlation between scan size and palpabil- 
ity did not improve between the first and 
last quarter of the internship year, as it 
might have if the house officers' clinical 
skills were a major variable. 


CONCLUSION 


In conclusion, the chance of a palpable 
liver bemg abnormal in our series is only 
37/67 (57 per cent) and similarly the 
chance of a palpable liver being enlarged by 
scan is 24/52 (46 per cent). 

Palpaoility alone is not a useful indicator 
of hepatcc size or disease. 

On the other hand, hepatomegaly can be 
defined 5y a simple measurement on the 
radioisotope liver scan which if exceeded is 
an accurate indication of hepatic disease. . 
In our series 33/33 livers exceeding this 
limit were abnormal. 

The liver scan is necessary for reliable 
assessment of size and may prevent or 
limit unnecessary investigations for “hepa- 
tomegaly." 


Peter B. Schneider, M.D. 
Nuclear Medicine Unit 
Beth Israe: Hospital 

330 Brookline Avenue 


Boston, Massachusetts 02215 
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POSITIVE IMAGING OF LIVER TUMORS BY 
DELAYED HEPATIC SCINTISCANNING 
WITH ACIDIC IONIC INDIUM 
llm CHLORIDE* 


By ALFREDO CUARÓN, M.D., FELIPE GORDON, M.D , and CAMILO RODRIGUEZ, M.D. 
MEXICO CITY, MEXICO 


IVER scanning with radiocolloids ren- 
ders enough information for the pre- 
cise localization of space-occupying lesions 
of the liver, which are seen on the scan 
image as filling defects. Unfortunately, this 
information is nonspecific, as such defects 
may be due to a great variety of lesions 
and it is not sufficient to reach a differ- 
ential diagnosis between tumors,” cvsts!? 
and abscesses.‘ 

By comparing these images with the 
scans of the hepatic blood pool procured a 
few minutes after the intravenous admin- 
istration of ionic In!?» chloride at pH 1.4 
to 1.7, we have been able to differentiate 
the etiology of the “cold” areas in 72 per 
cent of primary carcinomata of the liver 
and in 7o per cent of hepatic me- 
tastases.*:!!:!2 However, this combined pro- 
cedure is unable to differentiate the “cold” 
areas produced by liver tumors with poor 
vascularity from those caused by hepatic 
cysts and abscesses.5 1? 

Based on experimental evidence that 
seems to show that acidic ionic In!?» chlo- 
ride is concentrated by the liver as a func- 
tion of time, we decided to explore the 
diagnostic potential of delayed hepatic 
scanning 6 hours after the intravenous ad- 
ministration of this radiopharmaceutical. 


MATERIAL AND METHOD 


A total of 22 patients was included in 
this study, of whom 13 had hepatic pri- 
mary carcinomata and g had metastatic 
tumors to the liver. The diagnosis was 
confirmed in each instance by selective 
hepatic arteriography, peritoneoscopy, nee- 
dle biopsy or laparotomy (and by necropsy 


in fatal cases). 

In!" chloride was eluted from a sterile 
Sn!?.[n!9» generator, using o.5 N HCl. 
In!?» Fe coprecipitates were prepared us- 
ing the raethod described by Adatepe and 
associates, and sterile ionic, carrier-free 
In?» chloride as eluted from the generator 
(pH 1.4 z0 1.7) was administered for scan- 
ning of tae hepatic blood pool.57:19.16.17 

A liver scan was first obtained 10 minutes 
after the intravenous administration of 2 
millicuries of In!?» Fe microcoprecipitates 
by using a Picker Magnascanner £oo with 
a 12.7 cm. (5 inch) crystal detector and a 
color imaging device. One or more filling 
defects were revealed by these radiocolloid 
scans. A few hours later, or on the next 
day, a second liver scan was procured 1o 
minutes after the intravenous administra- 
tion of 15 millicuries of ionic, carrier-free, 
acidic In-?» chloride in order to depict the 
spacial distribution of the hepatic blood 
pool. The scanner was calibrated in the 
hepatic region with the highest counting 
rate, disregarding the somewhat higher 
radioactrvity in the region of the cardiac 
blood pcol, which appears on the scan 
image as an area where the imaging device 
was saturated. Lastly, a third scan was 
obtained 6 hours after the administration 
of the radiopharmaceutical, calibrating the 
imaging device at the point of highest 
counting rate in the liver. For a better com- 
parison of the resulting images, these were 
digitized according to 5 different levels of 
radioactivity: o-25 per cent (-), 26-50 per 
cent (0), 51-75 per cent (w), 76-100 per 
cent (2), and more than roo per cent (M) 
of the mzximum count rate. Notation was 


* From the Hospital General, Centro Médico Nacional, Instituto Mexicano de! Seguro Social, Mexico City, Mexico. 
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made in every instance of the counting 
rate at the cardiac blood pool, in a “‘nor- 
mal” hepatic region and at the site of the 
lesion. This information was corrected by 
the physical decay of In™™, and the fol- 
lowing indexes were calculated: 


I. Heartgnr. / Heart iomin. (Hs/ Hio) 
2. lavet abe. j Liver 10 min. (Le/Lio) 
3. Tumor eie. / lumoriomin.. (Tey Tio) 
4. Liveriomin. / Heartiomin. — (Lio/Hhio) 
5. Tumor io min, / Heartiomin. — (Tio/Hio) 
6. Livergnr. — / Heartiomis.  (Le/Haio) 
7. Tumoren, / Heart iomin. (Ts/Hio) 
8. Tumor jo min. / Liver 10 min. (Tio/Lio) 
9. Tumoren. / Liver enr. (T/L) 
Io. Tumoren. / Liver ¢ nr. (Ts/ L4) 
Tumor 10 min. / Liver 10 min. (Ti0/Lio) 


RESULTS 


Six hours after the intravenous adminis- 
tration of acidic, ionic, carrier-free [n!i?m 
chloride, the cardiac blood pool still re- 
tained 24 per cent +2 of the radioactivity 


HEART LIVER TUMOR 


RADIOACTIVITY AT 6-HOURS (%) 


Fic. 1. Radioactive fraction remaining 6 hours after 
intravenous administration of In'™™ chloride (ex- 
pressed as a per cent of radioactivity found 1o 
minutes after its administration), at the cardiac 
blood pool, in a “normal” hepatic region and at 
the site of the tumor. 
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AT IO- MINUTES | AT 6- HOURS 
LIVER TUMOR | LIVER TUMOR 





RADIOACTIVITY (% OF HEART RADIOACTIVITY AT IO MIN.) 


Fic. 2. Radioactivity in a “normal” hepatic region 
and at the site of the tumor, 10 minutes and 6 
hours after the administration of In™™ chloride 
(expressed as a per cent of heart radioactivity at 
IO minutes). 


detected ro minutes after the administra- 
tion of the radiopharmaceutical (H,/Hi;). 
This is in contrast with a significantly 
higher retention (36 per cent+6) at the 
“normal” hepatic region (L¢/Lio), and with 
an even higher retention (54 per cent +10) 
at the site where the concentration defect 
was found with the radiocolloid (T¢/Tio) 
(Fig. 1). 

In 22 patients with primary and met- 
astatic tumors of the liver, it was found 
that the radioactivity present in the 
"normal" hepatic region 10 minutes after 
the administration of acidic In!?» chloride 
was significantly higher than in the site of 
the tumor. At this time, the radioactive 
fraction in the "normal" hepatic region 
represents 67 per cent +6 of the radioactiv- 
ity found at the cardiac blood pool (Lio/ 
Hio), while at the site of the tumor (Tio/ 
Hio), this fraction stands for 34 per cent 
-- 120f the radioactivity found at the cardiac 
chamber (Fig. 2). The resulting scinti- 
graphic contrast between these 2 regions 
still is obvious (Fig. 6-8). 

Due to a faster disappearance rate of the 
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I3™ In- CHLORIDE 


TUMOR /LIVER RATIO 





P > 0.001 P »0.0CI 


Fic. 3. Tumor/Liver ratio 10 minutes after the ad- 
ministration of In!8™ Fe colloid, and 10 minutes 
and 6 hours after the administration of acidic 
ionic [n'?* chloride. 


radiopharmaceutical from the “normal” 
hepatic tissue than from the site of the 
tumor (Fig. 1), 6 hours later the differences 
of radioactivity between these 2 regions 
and the cardiac blood pool (L./Hıo; 
Te/Hio; He/Hio) are smaller (Fig. 2), con- 
siderably decreasing the scintigraphic con- 
trast between the cardiac blood pool, the 
"normal" hepatic region and the site of 
the tumor (Fig. 6-8). 

The ratio of the tumor radioactivity di- 
vided by the radioactivity found in the 
"normal" hepatic region on the study per- 
formed with radiocolloids is rather low 
(0.09 +0.05). This ratio increases to 0.51 
+0.16, Io minutes after the administration 
of acidic In!?» chloride (Tio/Lico), and to 
0.76 +0.26, 6 hours later (T¢/Le) (Fig. 3). 
A highly significant positive correlation 
was found between the ratio obtained at 
IO minutes (T1o/Lo) and the ratio esti- 
mated 6 hours later (T,/L.;) (Fig. 4). 

A tumor concentration ratio was cal- 
culated by dividing the Tumor/Liver ratio 
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at 6 hours (T;/L;) by the same ratio ob- 
tained 10 minutes after the administration 
of In!?» chloride (Tio/Lio). In every in- 
stance, this ratio resulted higher than 1.2 
and lower than 1.6 (mean 1.37 +0.6) 
(Fig. 5). A highly significant positive 
correlation was observed between the 
Tumor/Liver ratio at ro minutes (Ty0/Lio) 
and this tumor concentration ratio (Fig. 5). 

Table 1 shows that on the colloid scinti- 
scans the Tumor/Liver ratio was lower 
than 0.25 in 100 per cent of cases. These 
lesions appeared on the color scan in white 
with some black dots, and on the digitized 
scan with the (-) sign. The scintigraphic 
contrast between these lesions and the 
normal concentrating hepatic tissue 1s 
obvious. On the scans obtained Io minutes 
after the administration of acidic In!!?» 
chloride, the images clearly demonstrated 
the presence of a blood pool in the interior 
of the tumor in 40.9 per cent of cases, 
which was depicted by a Tumor/Liver 


| 
1.4 =1.5%~0.02 


r = 0.96 


1.2 p >0.001 
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Fic. 4. Correlation between Tumor/Liver ratio at 10 
minutes (Blood pool) and Tumor/Liver ratio at 6 
hours (Tissue), after the administration of acidic 
ionic In? chloride. 
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ratio (Tio/Li)) higher than 0.50, by the 
(w) and (#) signs on the digitized scans and 
by green, yellow, orange and red dots on 
the color scan. In 54.5 per cent of cases, the 
existence of a vascular bed in the tumor 
was doubtful, and in just 1 case (4.5 per 
cent) there were no differences between the 
reticuloendothelial scan and the scinti- 
graphic image of the hepatic blood pool. 
In this particular case, selective hepatic 
angiography demonstrated the presence 
of an avascular zone at the very site of the 
filling defect (Fig. 7, 7D). 

On the delayed scans, obtained 6 hours 
after the intravenous administration of the 
radiopharmaceutical, the images clearily 
showed the presence of radioactivity in the 
interior of 86.4 per cent of hepatic tumors, 
including 3 cases (14.3 per cent) where the 
radioactive level at the tumoral area was 
higher than in the “normal” hepatic 
region (Fig. 8, 4—-C). In 2 cases (9.1 per 
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| 
Y *0.324x 1.2 
r = 0.88 | 


TUMOR CONCENTRATION RATIO (6HOURS) 





TUMOR / LIVER RATIO (10 min) 


Fic. s. Correlation between Tumor/Liver ratio at 10 
minutes and the Tumor Concentration ratio 


(T:/Le) / (Tio/Lao) at 6 hours. 








Fic. 6. (4) Radiocolloid scan showing a con- 
cavity at the lower profile of right hepatic 
lobe. (B) Scan obtained 10 minutes after 
the intravenous administration of acidic 
onic In¥3™ chloride, showing the appear- 
ance of radioactivity at the site of the tumor 
and at the cardiac and aortic blood pools. 
(C) Scan obtained 6 hours later, demon- 
strating an increase of radioactivity at the 
site of the tumor. 
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Lesion /Liver go Color Code In"? Fe 
ign 


Acidic Ionic In!?m Chloride 
Colloid 10 Minutes 6 Hours 
OOOO 
O-0.25 white, black 22 (100%) 
0.26-0.50 violet, blue 
O.51-0.75 
0.76-1.00 


1 (4.5470) I (4.547%) 
o (0%) 12 (54.5470) 
green, yellow (0%) 7 4 


9 
O 
orange, red O 
O 


2 (9.11%) 
(31.81%) 9 (40.20%) 
(0%) 2 (9.11%) 7 (31.81%) 
saturated red (095) O (0%) 3 (14.34%) 
re ag ec mt E Mai dad E 
. cent), the results were doubtful, and just 


in I case (4.5 per cent) the concentration 


defect persisted in the left hepatic lobe 
(Fig. 7, 4-D). 


TUMOR/LIVER RATIO, DIGITAL SIGN AND COLOR CODE AT THE SITES OF THE TUMOR IN 22 PATIENTS 











1.00 


zZ% z o | 


DISCUSSION 


To date, liver scintigraphy with radio- 
colloids 


is considered as an excellent 
method for locating space-occupying le- 
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Fic. 7. (4) Radiocolloid scan showing multiple concentration defects at the right hepatic lobe and a great 
filling defect in the left hepatic lobe. (B) Scan obtained 10 minutes after the administration of In™™ chlo- 








ride (Blood pool), showing the persistence of one small filling defect in the center of the left hepatic lobe. 


(C) Scan obtained 6 hours later, showing the persistence of the filling defect in the center of left hepatic 
lobe. (D) Selective angiogram showing an avascular region in the center of left hepatic lobe. 
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Fic. 8. (4) Radiocolloid scan showing a large 
concentration defect in the external region of 
the right hepatic lobe, and a small filling de- 
fect in the lower region of the left hepatic 
lobe. (B) Scan obtained 10 minutes after the 
intravenous administration of acidic ionic 
In™™ chloride, showing the disappearance of 
the filling defects. (C) Scan obtained 6 hours 
later, showing a higher concentration of 
radioactivity at the site of the tumor. 


sions of the liver, but the information pro- 
vided by this method is nonspecific, be- 
cause the filling defects may be caused by 
an abscess, a cyst or a tumor. 

Since 1969, Hosain and associates! have 
shown that carrier-free ionic In!?» chloride, 
at a pH lower than 4.0, binds as a cation to 
a beta globulin known as transferrin. When 
this condition is met, its half-life in blood 
is between 2 and 3.5 hours, without sig- 
nificant excretion in the urine. This radio- 
pharmaceutical was used soon after its 
development as a label for scanning the 
placental blood pool,!!5 and for imaging 
the cardiac blood pool for diagnosis of 
pericardial effusion.1^1? 

A series of encouraging studies on the 
use of this radiopharmaceutical as a means 
to differentiate liver abscesses from other 
space-occupying lesions of the liver have 
been reported by our group since 
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1969,57.91027 and in 1970, Lubin and 
associates? reported their results with this 
compound in the differential diagnosis be- 
tween vascularized and nonvascularized 
intrahepatic lesions. More recently, Yeh 
et al.” wrote concerning their results by 
comparing radiocolloid scans with a series 
of sequential images that show the transit 
of a Tc*™ pertechnetate bolus through the 
hepatic vascular bed in 5o cases. 

The use of ionic, acidic, carrier-free 
In'?» chloride is based on the fact that this 
radiopharmaceutical remains circulating in 
blood after it is bound to serum transferrin, 
and, thus, the hepatic vascular blood pool 
can be depicted by scintigraphic methods. 
Therefore, the degree of vascularity in a 
lesion can be determined when radio- 
activity 1s detected in the location of the 
filling defect observed in the previous scan 
with radiocolloids, and when this radio- 
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activity is compared with that in the nor- 
mal surrounding tissue, 511: 

Precise diagnosis of acute amebic abscess 
can be made with this combined method 
because there is not a blood pool in the in- 
terior of the abscess; therefore, the filling 
defect persists in the image obtained a few 
minutes after the administration of acidic 
In*?m chloride. This type of lesion car. be 
differentiated from a cyst because in acute 
amebic abscess there is an increased radio- 
activity at the periphery of the lesion due 
to an increased vascularity of the hepatic 
tissue around the abscess, 25151239 while in 
cases of hepatic cysts, the radioactivity at 
the periphery of the lesion is rather low due 
to a poor vascularity around the cyst as 
a consequence of elongated and diminished 
blood vessels,51^3 On the other hand, dis- 
tinction between a cyst and a chronic 
abscess 1s rather difficult, because there 1s 
no increased vascularity at the PUO 
of the chronic abscess.511.1? 

In 72 per cent of primary carcinomata 
and in 7o per cent of metastatic tumors 
studied in our previous reports,® 1? the 
increase of radioactivity in the interior of 
the filing defects generally was note- 
worthy, but did not reach the level of radio- 
activity in the normal surrounding hepatic 
tissue. This amount of radioactivity seems 
to be directly proportional to the degree of 
vascularity in the tumor, which explains 
why, in cases of tumors with a poor vascu- 
larity, there is no.radioactivity detectable 
in the location of the lesions. There is an 
extraordinary increase of radioactivi-y in 
the interior of the lesion in highly vascular- 
ized masses, such as hemangiomata, and 
the amount of radioactivity is considerably 


greater than in cases of malignant tu- | 


mors.51.13 

Thus, this combination of radiocolloid 
scans with the exploration of the hepatic 
blood pool with early scanning after the 
administration of acidic In™™ chloride, 
proved to be more precise than conven- 
tional scanning with radiocolloids in the 
imaging of the actual size, shape, position 
and number of acute amebic abscesses, 
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and heloed to obtain a differential diag- 
nosis of the etiology of the “cold” areas in 
all cases of cysts, in cases of hemangioma, 
in 96 per cent of acute amebic abscesses, in 
72 per cent of primary hepatic carcinomata 
and in 7o per cent of liver metastases, 511 
Nevertheless, there still remained the prob- 
lem of differentiating 30 per cent of hepatic 
tumors, in which their poor vascularity 
rendered negative results. We therefore 
decided to use Ga? citrate for a few 
months. but soon were discouraged by the 
fact that this radiopharmaceutical was also 
concentrated by an important fraction of 
the inflammatory lesions studied. 

In 1972, Hor and associates? reported 
experimental evidence of the active con- 
centration of acidic, ionic, carrier-free 
In“ chloride by the liver of pregnant and 
virgin -ats. This information encouraged 
our group to study the possible concentra- 
tion of this radiopharmaceutical by hepatic 
tumors, and its potential as an aid for the 
differer tial diagnosis of liver masses. 

Our 2resent results seem to suggest that 
the radiopharmaceutical 1s slowly liberated 
from its bonds to serum transferrin, and 
concenirated by normal and tumoral he- 
patic tissue. Six hours after the intrave- 
nous administration of In!» chloride we 
found a higher retention of radioactivity 
in the "normal" areas of the liver than at 
the cardiac blood pool, and an even larger 
retention at the site of the tumor (Fig. 
I). Ten minutes after the administration 
of the radioactive tracer, the radioactive 
level was higher in the "normal" hepatic 
region than in the tumor (Fig. 2; and 6-8), 
but 6 hours later the differences of the 
radioactivity between these 2 regions, and 
that at the cardiac blood pool, were smaller 
due to the faster disappearance rate of the 
radiopharmaceutical from the "normal" 
hepatiz tissue than from the tumor. 

On the radiocolloid scans, liver tumors 
appear as concentration defects due to the 
absence of functioning reticuloendothelial 
tissue able to phagocytize the colloidal 
partic.es. In these cases, the ratio obtained 
by dividing the tumor radioactivity by the 
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radioactivity found in the "normal" he- 
patic region is rather low (0.09 0.05) 
(Fig. 3). This ratio is higher (0.51 +0.16) 
Io minutes after the administration of the 
radioactive agent: due to the presence of a 
blood pool in the interior of the tumor. 
This ratio seems to be related to the degree 
of vascularity and blood flow into the 
tumor. Six hours later, this ratio increases 
to 0.76 +0.26, which seems to be evidence 
of a more active concentration of the agent 
by the tumor than by the "normal" liver 
tissue (Fig. 3). It seems that the degree of 
increase of this ratio, as a function of time, 
depends directly on the degree of vascular- 
ity and blood flow into the tumor, as there 
exists a highly significant positive correla- 
tion between this ratio at 6 hours and the 
ratio obtained 1o minutes after the ad- 
ministration of the tracer, which is de- 
pendent on vascularity and blood flow 
(Fig. 4). This seems to be logical, as the 
radionuclide has to reach the tumor. to be 
concentrated. These evidences are strength- 
ened by the fact that the tumor concen- 
tration ratio (T/L) / ('io/Lao) is also de- 
pendent on the Tumor/Liver ratio at 1o 
minutes, and thus, it 1s also dependent on 
the degree of vascularity and blood flow in 
the tumor (Fig. 5). 

The concentration mechanism of In!» 
chloride by normal hepatic tissue and by 
liver tumors is still unknown. It may be 
due to a rather slow but continuous replace- 
ment of In™= chloride molecules by iron 
molecules at the serum transferrin binding 
sites, as this beta globulin may have a 
higher affinity for iron than for indium. 
The individual differences in the rate of 
hepatic and tumoral concentration of 
In» chloride, may be explained by indi- 
vidual differences in transferrin free bind- 
ing capacity. Once the radiopharmaceutical 
is liberated from its bonds to serum trans- 
ferrin, 1t 1s able to be concentrated, prob- 
ably by the iron storage sites. Hor ef al. 
have shown that this radiopharmaceutical 
is slowly concentrated by liver, spleen and 
bone—the most important sites for iron 
storage. 
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With the scintigraphic images of the 
hepatic blood pool, obtained 10 minutes 
after the intravenous administration of 
acidic In!?» chloride, we were able to reach 
a differential diagnosis in 40.9 per cent of 
cases, and the results were negative in 4.5 
per cent of cases (Table 1). These results are 
in contrast with those obtained 6 hours 
later With these delayed images, we were 
able to reach a precise diagnosis about the 
nature of the lesion in 86.4 per cent of 
cases, the results were in doubt in o.1 per 
cent of cases, and were negative in 4.5 per 
cent of cases (Table 1). 

Tke diagnostic efficiency of this pro- 
cedure seems to be higher than the use of 
the so called “tumor seeking" agents such 
as Ga" citrate. Even though, it needs the 
administration of 2 different radiopharma- 
ceuticals: 2 millicuries of InU*» Fe micro- 
coprecipitates, for scanning the reticulo- 
endothelial tissue distribution, and 1o 
millicuries of ionic, acidic, carrier-free In!!in 
chloride for the scanning of the hepatic 
blood pool distribution and the positive 
imaging of the tumor. Furthermore, it re- 
quires the obtaining of a series of 3 different 
images, which can be tiresome for the 
patient. Nonetheless, we rather prefer to 
expose the patient to a higher radiation 
dose and reach a definite diagnosis, than to 
save the patient of this burden and leave 
the physician in doubt. 


CONCLUSION 


We may conclude that liver scintig- 
raphy with radiocolloids can be considered 
a routine method for the localization of 
intranepatic lesions, and that liver scan- 
ning of the distribution of hepatic blood 
pool with ionic, acidic, carrier-free In!!*» 
chloride may be used optionally to obtain 
more precise information on the degree of 
vascularity and blood flow in the interior 
of the lesion, thereby improving the prob- 
ability of reaching a differential diagnosis 
between tumors and other space-occupying 
lesiors of the liver. 

In case of remaining doubts, the scan 
may be repeated 6 hours later in order to 
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depict the positive concentration of the 
radiopharmaceutical at the site of the 
tumor. 

Meanwhile, it is of importance to obtain 
more data about the behavior of this radio- 
pharmaceutical in other types of space- 
occupying lesions of the liver, such as 
abscesses, cysts and cirrhotic regenerative 
nodules. 


Prof. Alfredo Cuarón 
Servicio de Medicina Nuclear 
Ejercito Nacional 650-102 
Esq. Musset 

Polanco 


México 5 D.F., México 
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USE OF SELECTIVE, INTRAHEPATIC, PORTAL 
VENOGRAPHY AND IN VIVO COLORATION 
IN PLANNING SEGMENTAL 
HEPATIC RESECTION* 

By GILBERT GROSS, M.D,tt HENRY I. GOLDBERG, M.D.,t and 
THEODORE R. SCHROCK, M.D.§ 


SAN FRANCISCO, CALIFORNIA 


EGMENTAL resection of liver for 

small, solitary, hepatic tumors or ab- 
scesses has been described.” Because seg- 
mental anatomy of the human liver is not 
apparent from inspection of the surface, 
segmental resection would be facilitated 
by a technique that outlines the segment 
for the surgeon. We used selective, intra- 
hepatic, portal venography to identify an- 
giographically and color selectively, by 
instillation of a vital dye, a specific hepatic 
segment.^? Selective staining of other 
tissues with vital dyes has been per- 
formed,*:!* but vital staining of l epatic seg- 
ments by way of the portal vein has not 
been reported. 


MATERIAL AND METHOD 


Experimental Animals. Selective, intra- 
hepatic, portal venography, coloration, and 
segmental resection of the liver were per- 
formed in I newborn lamb and ¢ adult 
dogs. The lamb liver, like human liver, is 
unlobulated. The newborn lamb has an 
umbilical vein, which allows access to the 
intrahepatic portal venous system. Be- 
cause newborn lambs were difficult to ob- 
tain, however, most of our study was per- 
formed in dogs. The dog liver, unlike the 
human liver, is distinctly lobulated into 2 
major portions, each containing 2 lobes.? 
The adult dog does not have an umbilical 
vein, but its pancreatic vein enters the 
extrahepatic portal vein, allowing access 
to the intrahepatic portal venous system 
for selective catheterization. 

Technique of Portal Venography. In the 
lamb, the umbilical vein was cannulated 


extraperitoneally; in dogs, the pancreatic 
vein was cannulated through an abdominal 
incision. A clear, polyethylene catheter* 
was placed into the vein to act as a sheath 
through which a directional side-hole 
catheter] was placed. Under fluoroscopic 
control, the catheter tip was guided 
through the common portal vein and into 
a branch of the portal vein. Ten to 20 ml. 
of Renografin-761 was injected by hand as 
a single-push dose. A selective venogram 
was then obtained. Ten ml. of 1 per cent 
solution of sterile toluidine blue dye was 
then injected slowly (30 sec. by hand 
through the catheter into the liver seg- 
ment. In 2 dogs (Dogs 1 and 2) and the 
lamb, the abdomen was opened within 30 
minutes after injection of the dye and the 
appropriate liver segment identified by 
noting the coloration on its surface. Glis- 
son’s capsule was incised anteriorly along 
the base of the colored segment and a 
finger-fracture technique (digitoclysis) was 
used to disrupt the liver parenchyma. The 
segment was then removed, omentum 
placed against the raw surface of the liver, 
and the abdomen closed. One dog (Dog 1) 
and the lamb were sacrificed immediately 
after the surgical procedure. Twenty-four 
hours after the surgical procedure, repeat 
portal venograms were obtained on the 
other dog (Dog 2) using the indwelling 

* P.E. 240 (I.D. .066 inches, O.D. .ogs inches), manufactured 
by Clay-Adams Division, Becton Dickinson, Parseppany, New 
Jersey 07054. 

T V/s$/6s, 5 French (tip I.D. .o29 inches), manufactured by 
Medi-tech Corp., Watertown, Massachusetts 02172. 

t Meglumine diatrizoate (66 per cent) and sodium diatrizoate 


(10 per cent) injection, manufactured by E. R. Squibb and Sons, 
Princeton, New Jersey 08540. 


* From the Departments of Radiology,t and Surgery, $ University of California School of Medicine, San Francisco, California. 
Í Clinical Affiliate Visitor from the University of Geneva, Geneva, Switzerland. 
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TABLE I 


SERUM ENZYME VALUES IN § DOGS BEFORE AND AFTER INJECTION OF IO ML. OF 
I PER CENT TOLUIDINE BLUE DYE INTO AN INTRAHEPATIC PORTAL VEIN 














SGOT (IU/L) SGPT (IU/L) LDG (IU/L) 
Dog ———— - —— 

Before After Before After Before After 
I 40 agp I6 220* i34 885* 
2 35 aye 30 210* 70 460* 
3 12.5 15 10 16 175 200 
4 75 25 55 30 I55 100 
5 40 40 20 25 320 320 





* These values are elevated because resection of the colored segment was performed before blood was drawn. 


SGOT = serum glutamic oxaloacetic transaminase; 
SGPT= serum glutamic pyruvic transaminase; 
LDH= lactate dehydrogenase. 


sheath in the pancreatic vein; the dog was 
then sacrificed. 

The remaining 3 of the 5 dogs (Dogs 3, 
4, and 5) did not undergo the surgical ex- 
cision: I (Dog 3) was sacrificed immedi- 
ately after venography; 1 (Dog 4) was 
sacrificed 24 hours later; and another (Dog 
5) was sacrificed 48 hours after portal 
venography and segmental coloration. 

Histologic Studies and Liver Function 
Tests. Histologic studies of the liver were 
performed on all the animals to locate the 
dye and ascertain hepatocellular damage. 
Liver tissue from the segments to be se- 
lectively injected was obtained by means 
of needle biopsy before venography and 
toluidine blue dye injection. The resected 
liver segments of Dogs 1 and 2 and wedge 
biopsy specimens from the colored seg- 


ments of Dogs 3, 4, and 5 were then exam- 
ined by light and electron microscopy. 

In addition to the histologic studies per- 
formed on the colored liver segments, 
other o-gans were to be microscopically 
examined to determine the possible pres- 
ence of the dye outside the liver. We, there- 
fore, again injected Dog 5 with toluidine 
blue dye 48 hours after the initial injection. 
The dog was then sacrificed and sections of 
parathyroid, thyroid, spleen, lung, liver, 
kidney, pancreas, and heart were immedi- 
ately obtained. 

Liver function tests were performed be- 
fore and immediately after the injections 
of contrast material and toluidine blue dye 
in all the dogs (Tables 1 and 11). Central 
portal vein pressures had been measured 
before injection of contrast material and 


TABLE II 


LIVER FUNCTION TESTS IN § DOGS BEFORE AND AFTER INJECTION OF IO ML. OF 
I PER CENT TOLUIDINE BLUE DYE INTO AN INTRAHEPATIC PORTAL VEIN 








Alkaline NON Albumin to Prothrombin 
Phosphatase (g. /dl.) Globulin Time 
Dog (IU/L) Bc Ratio (sec.) 
Before After Before After Before After Before After 
I 53 $7 6.1 ee: 26/357 -2.0/79.2 ie 9.4 
2 38 44 5.8 5.6 2.4/3.4 2.3/3.3 7.0 7.2 
3 25 19 6.2 oe, 2.0/4.2 1.9/3.8 6.9 6.9 
4 61 61 6.3 5.6 cae ec ie Sa Os rox: 25] 
5 35 25 7.8 6.8 1.4/6.4 1.2/5.6 7.8 7.0 
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TABLE III 


PORTAL PRESSURE (MM. HG) IN 3 DOGS BEFORE AND AFTER INJECTION 
OF TOLUIDINE BLUE DYE INTO A BRANCH OF THE PORTAL VEIN 


Vor. 122, No. 2 
Do Before md 
s Injection Iniect: 
njection 
3 12 Ij 
4 16 Ij 
5 II I2 


* Not measured. 


toluidine blue dye and at the conclusion 
of the study (in Dogs 3, 4, and 5) (Table 
III). 

Because cardiac arrhythmias have been 
reported to occur after injection of tolui- 
dine blue dye,9?? electrocardiograms were 
obtained before, during, and after the ini- 
tial and the 48 hour dye injection in Dog 5. 


RESULTS 


Selective venography was easily ac- 
complished in all the animals. With this 
technique we were able to opacify the 
single portal vein branch supplying its 
individual segment, as well as produce a 
parenchymogram of that segment (Fig. 1). 
In addition, the venous drainage of the 
hepatic segment was visualized (Fig. 24). 

The coloration of hepatic segments by 
toluidine blue dye clearly outlined the 
boundaries of that segment in each case 
(Fig. 2, B and C). In 2 dogs, however, in 
addition to the segmental coloration, small 
patches of blue coloration were noted on 
the surface of other segments of the liver. 
We found that, in these animals, the 
catheter had become displaced slightly 
from the segmental vein during injection; 
the patches of coloration were most likely 
due to leakage of the dye into the main 
portal venous system. Nevertheless, the 
patches did not interfere with the clear 
identification of the colored segment. 

Surgical extirpation of the colored seg- 
ment in the lamb and 2 dogs (Dogs 1 and 
2) was performed without difficulty. Blood 
vessels and bile ducts were easily identi- 


12 Hours 24 Hours 48 Hours 
after after after 
Injection Injection Injection 
12 7 —* 
16 16 IO 


fied, divided, and ligated. In every instance, 
the colored segment was supplied by a 
single branch of the portal vein in the 
portal triad and drained by a single hepatic 
vein (Fig. 1; and 24). The segmentectomy 
tcok less than 20 minutes. The postoperat- 
ive portal venogram compared to the pre- 
operative venogram showed absence of the 


single segmental portal vein (Fig. 3, 4 and 
B). 





Fic. 1. Selective portal venogram in a dog demon- 
strates a portal vein branch (arrows) supplying a 
well-defined, hepatic segment. 
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Fic. 2. (4) Selective umbilicoportal venogram in the lamb illustrates a single hepatic vein (closed arrows) 
draining an hepatic segment. The dense blush of contrast corresponds to sinusoidal and venule collections 
of contrast material in the segment. The segment outlined by cpen arrows does not have a homogeneous 
density because the catheter was wedged distal to the take-ot of some small subsegmental branches. 
Enough venous flow was maintained, however, to permit homogeneous coloration of the entire segment by 
toluidine blue dye. (B) Selective coloration with toluidine blue c ye of the right inferior hepatic segment in 
the lamb (arrows). (C) When the liver was removed, the full extent of hepatic segment coloration was 


easily recognized (arrows). 


In all the animals, no change in liver 
function was noted immediately after the 
injection of contrast material and tolui- 
dine blue dye (Tables 1 and 11). In the 2 
dogs (Dogs 1 and 2) which underwent 
segmentectomy, the levels of serum glu- 
tamic oxaloacetic transaminase (SGOT), 
serum glutamic pyruvic transaminase 
(SGPT), and lactate dehydrogenase (LDH) 
increased after the surgical procedure, as 
would be expected; results of the other liver 
function tests did not change (Table 1). 
The 2 dogs (Dogs 4 and 5) followed for 12, 
24, and 48 hours showed no change in liver 
function. 

Portal venous pressure obtained immedi- 
ately after injection of contrast medium 
and dye by means of the portal vein cath- 
eter showed minimal change, when com- 


pared to control values, in Dogs 3, 4, and 5. 
A slight rise in portal venous pressure of 
4 mm. Hg was noted after 12 hours in 1 dog 
(Dog 5), but by 48 hours the portal venous 
pressure had returned to the control value 
(Table 1:1). 

Histologic examination of the segment 
specimens of all the animals demonstrated 
no abnormalities in hepatocytes or reticulo- 
endothelial cells after the injection of 
toluidine blue dye. Liver architecture was 
generally normal. The cytoplasmic-nu- 
clear ratio of hepatocytes was normal, as 
were the Kupffer cells. With norma! he- 
matoxylia-eosin staining, the blue dye 
could not be identified. Electron micro- 
scopic examination of the liver sections 
revealed no abnormalities in the nucleus, 
cytoplasm, or cell membrane. 
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Fic. 3. (4) A preoperative, total portal venogram in a dog shows a single vein into which toluidine blue dye 
was selectively injected to obtain the boundaries of the segment (arrows). (B) The postoperative venogram 
demonstrates the stump of the segmental portal vein (large arrow). No leakage of contrast material into 
the liver capsule or abdomen was noted. Small arrows outline the space previously occupied by the removed 
segment. 


Light microscopic study of hematoxylin- 
eosin stained sections of kidney, thyroid, 
and parathyroid, spleen, lung, pancreas, 
heart, and lymph nodes (Dog 5) showed no 
evidence of histologic abnormalities. Tolui- 
dine blue dye could not be identified in the 
cells or interstitium of these tissues. 

The electrocardiograms obtained of Dog 
5 before, during, and after the injection of 
dye showed no abnormal cardiac rhythm. 


DISCUSSION 


Portal venography with the use of um- 
bilical vein catheterization has become an 
established method for studying portal 
venous circulation. ?:97, $193 This method 
allows access to the portal venous circula- 
tion for measuring portal venous pressure, 
obtaining portal venous blood samples, and 
demonstrating portal venous anatomy. 

Use of selective umbilicoportography 
permits evaluation of individual hepatic 
segments and of hepatic venous drainage 
from each of these segments. It seemed 
reasonable that this method would lend 
itself to segmental coloration to act as an 
anatomic guide for surgical segmentect- 
omy. Ordinarily, the surgical treatment for 


primary hepatic neoplasms, single metasta- 
sis, or abscesses is lobar resection. If a 
lesion is confined to I segment, however, 
that segment alone could be removed. 
Although hepatic arteriography and venog- 
raphy are used to locate lesions in the liver 
parenchyma, portal venography can also 
locate lesions, and it is the only method of 
defining the portal venous supply to a seg- 
ment and hepatic venous drainage from a 
segment. 

The use of vital dyes injected intrave- 
nously or interarterially to identify a 
specific lesion is not new. Previous investi- 
gators have utilized this approach in 
patients to locate pancreatic and parathy- 
roid adenomas and gastric lesions.®!?!3 We 
chose toluidine blue dye because it stains 
the liver segment a dense blue-black, which 
is easily discernible from surrounding 
hepatic tissue. Toluidine blue did not alter 
liver morphology or function in this study. 

Yamakawa et a/.* have noted cardrac 
arrhythmias in rats given a 2 per cent solu- 
tion of toluidine blue dye at a dose of 20 
mg./kg. These were mainly ventricular 
arrhythmias and were associated with 
visible cyanosis. When toluidine blue dye 
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was injected intravenously at 5 or 1o 
mg./kg. in a $ to I per cent solution, no 
arrhythmias were noted. On the other 
hand, Keaveny and co-workers,? studying 
dogs and rats injected with 1 per cent 
toluidine blue dye infused at a dose of 1o 
mg./kg., found no toxic effects in any of 
their animals and, in particular, no evi- 
dence of cardiac arrhythmias. 

It is important to note that we adminis- 
tered a1 per cent solution of toluidine blue 
dye as a single intravenous bolus at a dose 
of approximately 3 mg./kg.—far below the 
levels usea by Yamakawa eż a/.* in rats 
exhibiting arrhythmias. We encountered 
no cardiac arrhythmia. The rare complica- 
tion of methemoglobinemia as a result of 
intravenous injection of toluidine blue dye 
has been reported in a patient with glucose 
6-phosphate dehydrogenase deficiency." 
If selective toluidine blue coloration of 
liver segments is to be used in humans, this 
possible complication must be kept in 
mind. Toluidine blue dye is excreted 
through the gastrointestinal tract! and the 
urinary tract; we noted a blue-green color 
to the urine beginning 2 hours after injec- 
tion and lasting for approximately 48 
hours. Histologic examination of the kid- 
neys after 48 hours showed no evidence of 
cell damage or toluidine dye within the 
kidney cells or interstitium. 


SUMMARY 


Selective intrahepatic portal venography 
was performed in 5 dogs and 1 newborn 
lamb so that toluidine blue dye could be 
injected into an hepatic segment to permit 
visual identification of its boundary. 

The venogram and coloration permitted 
successful segmental resection, because the 
vascular supply and drainage, as well as 
surface boundaries, were easily identified. 
Portal venography and instillation of the 
dye into a branch of the portal vein did 
not result in any histologic changes or 
change in liver function or portal pressure. 

The technique of selective intrahepatic 
portal venography and segmental colora- 
tion by way of umbilical vein catheteriza- 
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tion can be useful to the surgeon when per- 
forming a segmental hepatic resection. 


Henry I. Goldberg, M.D. 
Department of Radiology, M-380 
University of California 

San Francisco, California 94143 
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EFFECT OF CHOLESTYRAMINE ON TELEPAQUE 
ORAL CHOLECYSTOGRAPHY* 


By JAMES A. NELSON, M.D.+ 


SAN FRANCISCO, CALIFORNIA 


URING the evaluation of a 27 year 

old man with postgastrectomy syn- 
drome, an oral cholecystogram with Tele- 
paque was ordered, while the patient was 
receiving cholestyramine for endoscopically 
diagnosed ''alkaline gastritis."" The ap- 
pearance of the gallbladder was markedly 
abnormal (Fig. 14). Because of the odd 
appearance of the gallbladder on the initial 
study, and since the effect of cholestyra- 
mine on Telepaque cholecystography was 
not known, the oral cholecystogram was 
repeated following withdrawal from chole- 
styramine for 1 week. This resulted in 
excellent visualization of a normal appear- 


ing gallbladder (Fig. 15). 


IN VITRO STUDIES 


To evaluate the possible direct effect of 
cholestyramine on Telepaque (iopanoic 
acid), the following in vitro studies were 
performed. An isosmolar solution of iopano- 
ate buffered with ṣo mM. NaCO; at pH 9.5 
was separated into three 30 ml. aliquots. 
The pH was adjusted in 2 of the aliquots 
by titrating with 1 N HCl, resulting in 
lopanoic acid suspensions of pH 7.5 and 
pH 6.8. Two ml. of each solution or suspen- 
sion was filtered into small vials for iodine 
concentration measurements. A total of 1 
gm. cholestyramine* was then added to 
the remaining 28 ml. of iopanoate solution 
or suspension. This mixture was intermit- 
tently stirred at room temperature for I5 
minutes and then filtered for determination 
of iodine concentration in the filtrate. 
Iodine concentrations were determined as 
previously reported.’ 

Table 1 reveals the marked reduction in 


* Questran, 2 gm. Mead & Johnson. 


iodine concentration brought about by 7 
vitro mixing of cholestyramine with 10- 
panoic acid suspensions and an iopanoate 
solution. No significant pH change oc- 
curred following cholestyramine treatment. 
This indicates that cholestyramine has an 
apparent high affinity for Telepaque (1o- 
panoic acid). 


DISCUSSION 


The collapsed appearance of the gall- 
bladder in Figure 1,7 is puzzling. A de- 
crease in bile flow with bile acid depletion 
caused by cholestyramine might be postu- 
lated, but increased bile acid synthesis 
should compensate for increased losses in 
most instances.’ 

Patients who receive cholestyramine for 
bile acid diarrhea also have an increased 
incidence of gallstones? Abnormal oral 
cholecystography in such patients who are 
taking cholestyramine should be inter- 
preted with caution. Although Ware and 
Combes? have indicated that i” vitro 
cholestyramine binding of a drug does not 
necessarily decrease intestinal absorption, 
the experience in the patient described 
above indicates that cholestvramine bind- 
ing of iopanoate may be of diagnostic sig- 
nificance. Recent investigation of simul- 
taneous administration of cholestyramine 
and iopanoic acid to dogs reveals non- 
visualization in dogs that visualized nor- 
mally on iopanoic acid alone (personal 
communication, Dr. Robert N. Berk). 

To avoid iatrogenic nonvisualization or 
poor visualization, oral cholecystography 
should be performed after cholestyramine 
has been discontinued long enough for 
complete evacuation from at least the 
small bowel.‘ 


* From the Departments of Radiology, Veterans Administration Hospital and University of California School of Medicine, San 


Francisco, California. 


T Scholar in Radiological Research of the James Picker Foundation. 
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Fic. 1. (4) Double dose oral cholecystogram on May 17, 1973, while patient was taking cholestyramine 
(B) Single dose oral cholecystogram on June 12, 1973, followang 1 week cessation of cholestyramine. 


SUMMARY estyram ne has a strong affinity for io- 


A patient receiving cholestyramine un- P?n^eate. 


derwent oral cholecystography with jo- University of California School of Medicine 
panoic acid (Telepaque) and showed evi- San Franasco, California 94143 


dence of an abnormal gallbladder. The cuthor is grateful to Ms. Mittie 


When the oral cholecystography was re- Puckett for secretarial assistance. 
peated following discontinuation of chol- 


estyramine, the study was normal. REFERENCES 
In vitro studies demonstrate that chol- ;, Brack, R. B. Ruopzs, J., Davies, G. T., 


GRAvELLE, H., and Sweetnam, P. Controlled 
clinical trail of cholestyramine in treatment of 


TABLE I gastne ulcer. Gastroenterology, 1971, 61, 821- 

825. 
EFFECT OF CHOLESTYRAMINE ON In Vitro 2. Hormayn, A. F. Bile acid malabsorption caused 
IOPANOATE IODINE CONCENTRATION by ial resection. 4.M.A. Arch. Int. Med., 








1972. 130, 597-605. 





Control Post. 3. Kaurman, L., NeLson, J., Price, D., SuaMzs, D., 
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ANGIOGRAPHY OF THE JAUNDICED PATIENT* 


WITH EMPHASIS UPON THE ANGIOGRAPHIC APPEARANCE OF 
BILIARY DUCT DILATATION 


By SEYMOUR SPRAYREGEN, 


and NEIL H. 


MESSINGER, M.D. 


BRONX, NEW YORK 


HE differential diagnosis of jaundice 

which requires surgical decompression 
from that in which surgery 1s contraindi- 
cated remains a difficult clinical problem. 
Selective visceral angiography mav be of 
value in the Jaundiced patient by demon- 
strating dilatation of the gallbladder and/or 
hepatic ducts when a distal obstruction 1s 
present. Lack of dilatation of these struc- 
tures is a relatively strong point against 
surgically correctable jaundice. Specific ar- 
terial, capillary and venous abnormalities 
often suggest the etiology and extent of an 
obstructing lesion and may also indicate an 
intrahepatic abnormality if the jaundice is 
due to disease of the liver parenchyma. 

In the present communication selective 
visceral angiograms of 61 patients who were 
studied for jaundice are reviewed, and the 
significance of positive and negative find- 
ings described. The angiographic appear- 
ance of dilated hepatic ducts with obstruc- 
tive jaundice is emphasized, since the 
appearance and frequency of this finding 
have not been sufficiently stressed in the 
past, and because defects due to dilated 
hepatic ducts may be misinterpreted 
hepatic metastases. 


MATERIAL AND METHOD 


The results of selective visceral arteriog- 
raphy in 61 jaundiced patients were re- 
viewed. The specific entities and their fre- 
quency of occurrence are shown in Table r. 
The diagnosis in each case was confirmed 
by surgery, biopsy or autopsy. 

Angiography in these patients usually 
consisted of sequential anteroposterior (AP) 
celiac and right posterior oblique (RPO) 


superior mesenteric arteriograms using 
£o cc. of hypaque M 75 or renografin 76 per 
cent per injection with serial films obtained 
at a rate of 1 film per second for 6 seconds, 
followed by 1 film every 2 seconds for an 
additional 28 seconds. The examination 
was occasionally supplemented by oblique 
celiac and/or AP superior mesenteric ar- 
teriograms. Superselective hepatic arterio- 
grams were also obtained on occasion, but 
were not a routine part of the examination. 

The angiograms were evaluated for evi- 
dence of gallbladder and biliary duct dilata- 
tion, arterial and venous encasement, neo- 
vascularity, tumor blushes, liver metas- 
tases, cirrhosis and ascites. The gallbladder 
was measured in the arterial or capillary 
phase and the area obtained by tracing the 
outline to graph paper. 


RESULTS 


GALLBLADDER DILATATION 


(Table r1) 


There were 40 patients with obstruction 
of the common bile duct who had not had 
cholecvstectomies. Of these, gallbladder 
dilatation was seen in 36 (Fig. 15 8; and 15). 
Gallbladders with an area greater than 
3€ cm.? were considered distended.?? Of the 
patients without cholecystectomies gall- 
bladder distention was present in 26 of 29 
patients with carcinoma of the head of the 
pancreas, I patient each with carcinoma of 
the papilla of Vater and lymphosarcoma 
involving the pancreatic head region, 3 of 4 
patients with carcinoma of the common bile 
duct, 4 of 5 patients with choledocholithia- 
sis, and the 2 patients with stricture of the 
common bile duct and impacted gallstone 


* Presented at the Seventy-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, P.Q., Canada, September 


25-28, 1973. 


From the Department of Radiology, Montefiore Hospital and Medical Center and the Albert Einstein College of Medicine, Bronx, 


New York. 
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TABLE I 


DIAGNOSIS AND ANGIOGRAPHIC FINDINGS IN 61 PATIENTS PRESENTING WITH JAUNDICE 


I ee 





Encased Arteries 





PD GD H SMS 3 


a UUU 
I3 2 26/30 


Carcinoma of head of pancreas (30) ss is 7 
I 


Carcinoma of papilla of Vater (1) 
Lymphosarcoma of head of pancreas (1) I 
Carcinoma of gallbladder (4) 3 
Carcinoma of common hepatic duct (s) — 1 
Carcinoma of common bile duct (4) 2 
Calculi of common bile duct (6) I 
Cirrhosis (3) 
Carcinoma of body of pancreas with 

liver metastases (1) I 


ee 


4/5 








Encased Veins sss — Add. 
ato =< «= Weasels "T Diagnosis 
SM P S z 8 

21 II II 26/30 6 | IO A=2 
Is. 3 d 
3 4 4 5/5 4 4 
2 I Py 
P=1,Cr=1 
P=1 
A=1, Cr=2, PH=1 
I M 





Arteriogram normal with common bile duct stricture (1), cystic duct calculus compressing common hepatic duct (1), sclerosing 


cholangitis (1), and hepatitis (2). 


Add. Diagnosis= Additional angiographic findings; A= Ascites; Cr- Cirrkosis; P= Pancreatitis: PH= Portal hypertension; 


M= Liver metastases. 


PD= pancreaticoduodenal; GD= gastroduodenal; H= hepatic; SM= superior mesenteric; S= splenic; P= pancreatic. 


TABLE II 


ANGIOGRAPHIC EVIDENCE OF DISTENTION OF GALLBLADDER AND BILIARY DUCTS 
IN PATIENTS WITH EXTRAHEPATIC BILIARY OBSTRUCTION 


eee 


Number 


Carcinoma of head of pancreas 30 
Carcinoma of papilla of Vater I 
Lymphosarcoma of head of pancreas I 
Carcinoma of gallbladder 5 
Carcinoma of common hepatic duct 5 
Carcinoma of common bile duct 4 
Calculi of common bile duct 6 
Cystic duct calculus, compression of 
common hepatic duct I 
Stricture of common bile duct I 











Gallb adder Biliary Ducts 


D N C D N 





26 3 I I7 13 
I I 
I I 
2 2 I 3 2 
5 3 2 
3 I 3 I 
4 I I 6 
I I 
I I 


D= Dilated; N= Normal, Small, or Not Visualized; C= Cholecystectomy. 


in the cystic duct producing jaundice by 
compressing the common hepatic duct. 
Gallbladder distention was noted in 5 of 7 
patients with coexistent carcinoma of the 
head of the pancreas and cholecystitis- 
cholelithiasis. In the 2 patients with carci- 
noma of the head of the pancreas and 
shrunken gallbladders due to chronic fi- 
brotic cholecystitis, the gallbladders were 
not visualized on the angiograms. In 1 case 
in which the gallbladder was compressed by 
metastatic tumor, the gallbladder was not 
seen. When gallbladder dilatation was pres- 
ent no difference in intensity of staining of 


the wall was noted between patients with 
normal gallbladders and those with chronic 
cholecystitis. 

Gallbladder distention was also present 
in 2 of 4 patients with carcinoma of the 
gallbladder, and in 1 patient with cirrhosis 
and gallstones, in whom no obstruction of 
the cystic or common bile ducts was pres- 
ent. The gallbladder was not distended in 
any of th» other patients with jaundice due 
to liver cisease or those with common he- 
patic duct tumors. In these patients the 
gallbladder was normal to small in size or 
not visualized. 
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BILIARY DUCT DILATATION 


(Table 11) 


Dilated hepatic ducts were often present 
with obstruction. In the majority of cases 
with dilated ducts the dilatation was mild, 
but occasionally the distention was quite 
striking. Ductal dilatation was seen to in- 
volve the central and/or peripheral hepatic 
ducts. 

Dilated ducts may appear as large circu- 
lar central lucencies (Fig. 1) which in the 
venous phase are often seen in relationship 
to the bifurcation of the portal vein (Fig. 
2/4) or as branching central defects (Fig. 2, 
B and C; 4B; and 5B) which lie parallel to 
the portal vein and its branches (Fig. 2€; 
and 9B). Figure 3 demonstrates the appear- 
ance of dilated peripheral ducts. 

When dilated, the right hepatic ducts are 
usually more clearly demonstrated than the 
left hepatic ducts. However, a dilated left 
hepatic duct may be seen on occasion if the 
course followed by the left hepatic artery 1s 
scrutinized (Fig. 5). On occasion dilatation 
of the common hepatic duct and even the 
common bile duct may be noted (Fig. 6). At 
times the portal vein appears elevated by a 
dilated common hepatic duct (Fig. 7) or 
neck of a distended gallbladder (Fig. 8). In 
I case a localized indentation of the inferior 
surface of the portal vein was considered to 
be related to direct pressure from a common 
hepatic duct tumor (Fig. 9). 

'The ductal defects are best demonstrated 
in the capillary and venous phases of the 
celiac arteriogram and on occasion are also 
noted on the venous phase of the superior 
mesenteric arteriogram. The defects are 
at times better seen on the AP, and at other 
times on the RPO celiac arteriogram. Oc- 
casionally after 1 or 2 previous contrast 
medium injections, dilated ducts are visible 
as defects in the liver due to prolonged 
hepatic parenchymal opacification. 

The hepatic ducts as visualized on the 
angiograms were dilated in 29 of $4 pa- 
tients with obstructive jaundice (53 per 
cent). No evidence of dilated ducts was 
noted in any of 7 patients with nonobstruc- 
tive jaundice. Dilatation was present in 17 
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Fic. -. Dilatation of gallbladder (white arrowheads) 
enc biliary ducts in the liver hilus (black arrows) 
demonstrated during capillary phase of right 
posterior oblique (RPO) celiac arteriogram in 
patient with carcinoma of the head of the pancreas. 


of 3o patients with carcinoma of the head 
of tre pancreas, in the 2 patients with carci- 
noma of the papilla of Vater and lympho- 
sarcoma of the head of the pancreas, in 3 
of 5 patients with carcinoma of the gall- 
bladder, in 3 of 5 patients with common 
hepatic duct tumors, and in 3 of 4 patients 
witk common bile duct tumors. No angio- 
grap hic evidence of dilated ducts was seen 
in any of the 6 patients with obstructing 
common bile duct calculi or in the patient 
witl jaundice due to a cystic duct calculus 
compressing the common hepatic duct, but 
dila-ed ducts were evident in the solitary 
case of a common bile duct stricture 
(Fig. 3). 

The gallbladder was dilated in 12 of 13 
patients with carcinoma of the head of the 
pancreas who did not have dilated ducts. 
Irdeed some of the largest gallbladders 
were noted in the patients without ductal 
dilazation. 

The gallbladder and/or biliary ducts 


were distended proximal to the obstructing 
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Fic. 2. (4) Circular lucency of dilated ducts 
(arrows) overlies the bifurcation of the portal 
vein and right branch of the portal vein during 
capillary-venous phase of anteroposterior (AP) 
celiac arteriogram in patient with carcinoma of 
the head of the pancreas. (B) Large branching 
central defects due to dilated ducts (arrows) are 
demonstrated during capillary phase of AP 
celiac arteriogram in patient with carcinoma of 
the common bile duct. (C) Central branching 
pattern of slightly dilated ducts (arrows) in 
patient with biliary duct carcinoma involving 
confluence of hepatic ducts extending into the 
right and left ducts. Ducts are visualized during 
capillary-venous phase of RPO celiac arterio- 
gram. Note parallel course of central ducts to 
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portal vein, the latter being slightly narrowed as it enters the Ever (arrowheads). 


lesion 1n 29 of 30 patients with carcinoma 
of the head of the pancreas, in the 2 pa- 
tients with carcinoma of the papilla of 
Vater and lymphosarcoma of the head of 
the pancreas, in 3 of 5 patients with com- 
mon hepatic duct tumors, in 3 of 5 patients 
with carcinoma of the gallbladder, in the 4 
patients with common bile duct tumors, in 
4 of 6 patients with obstructing common 
bile duct calculi, and in the 2 patients with 
stricture of the common bile duct and nar- 


rowing of the common hepatic duct due to 
a cystic duct calculus. 


OTH zR ANGIOGRAPHIC ABNORMALITIES 


(Table 1) 


Carcincma of the head of the pancreas and 
papilla of Vater, and lymphosarcoma of the 
pancreas. Arterial encasement was present 
in 26 of 30 patients with carcinoma of the 
head of tie pancreas. The gastroduodenal 
and pancreaticoduodenal arteries were each 


VoL. 122, No. 2 


Angiography of the Jaundiced Patient 


339 





Fic. 3. (4) Branching pattern of slightly dilated peripheral ducts (arrowheads) is demonstrated during 
capillary phase of AP celiac arteriogram in patient with stricture of the common bile duct. (B) Percu- 
taneous transhepatic cholangiogram confirms the existence of dilated peripheral ducts. Sludge is noted in 


the larger central ducts. 


involved in 15 patients (Fig. 10), and the 
superior mesenteric artery and/or the ori- 
gins of its proximal branches in 13 patients 
(Fig. 11). The hepatic artery was involved 
7 times (Fig. 14) and the splenic artery 
twice. The angiograms of the patient with 
carcinoma of the papilla of Vater showed 
displacement with slight narrowing of the 
pancreaticoduodenal arcade (Fig. 12). The 
angiogram of the patient with lymphosar- 
coma showed stretching with slight dis- 
placement of the hepatic and gastroduode- 
nal arteries and slight narrowing of the 
gastroduodenal artery (Fig. 134). 
Neovascularity was present in 6 cases of 
carcinoma of the head of the pancreas (Fig. 
14). Tumor blushes were present in 5 of 


these 6 cases and in 5 other cases without 
neovascularity. Neither the patient with 
carcinoma of the papilla of Vater or the pa- 
tient with lymphosarcoma had neovascu- 
larity or a tumor blush demonstrated. 

The superior mesenteric, portal and/or 
spleaic veins were narrowed or occluded in 
26 of the 30 patients with carcinoma of the 
head of the pancreas. The superior mesen- 
teric vein was involved in 21 patients (Fig. 
11 B), and the splenic and portal veins were 
each involved in 11 patients. All 3 veins 
were narrowed or occluded in the patient 
with lymphosarcoma (Fig. 13, B and C), 
while none of these veins was involved in 
the »atient with carcinoma of the papilla of 
Vater. 


340 





Seymour Sprayregen and Neil H. Messinger 
] yreg g 


OcTOBER, 1974 


jt 
UN 
< - 
= : 
E 


Fic. 4. (4) AP celiac arteriogram in patient with carcinoma of th» gallbladder shows encasement of hepatic 
artery (large white arrow) and of cystic artery branches (sm:ll black arrows). Note displacement of 
arteries at bifurcation of cystic artery around an enlarged gallbladder (black arrowheads). Slight neo- 
vascularity in gallbladder region is also present. (B) Capillary plase shows large central branching defect 
due to dilated ducts (arrowheads). (C) Liver scan shows centra defect due to dilated Cucts (arrowheads). 


Ascites was identified in 2 patients with 
carcinoma of the head of the pancreas. 
liver metastases were not seen in this 
group of patients. 

Carcinoma of the gallbladder. An enlarged 
cystic artery was noted in 2 of § patients 
with carcinoma of the gallbladder. Encase- 
ment of arteries was present in all 5 pa- 
tients. Ín 1 case the cystic was the only en- 
cased artery. The main cystic artery was 
encased in 2 cases and its more peripheral 


branches in 2 other cases (Fig. 4/7). The 
hepatic (Fig. 44), gastroduodenal and pan- 
creaticodnodenal arteries were each in- 
volved 13 3 patients. 

Neovescularity and a tumor blush were 
encountered in 4 patients (Fig. 164). 

All petients had narrowing or occlusion 
of the major veins. The portal vein was in- 
volved mm 4 patients, the superior mesen- 
teric veir in 3 and the splenic vein in 2. 
Early filling of hepatic veins and early 





Fic. 5. (4) RPO arteriogram (common celiac-superior mesenteric trunk) in patient with carcinoma of the 
head of the pancreas. Arrow points to the left hepatic artery. (8) Capillary phase demonstrates dilated 
central and peripheral ducts. Arrows point to a dilated left hepatic duct. 
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Fic. 6. (4) RPO view during percutaneous transhepatic cholangiography demonstrates dilatation of the 
common hepatic and common bile ducts in patient with zarcinoma of the head of the pancreas. Note 
narrowing of the common bile duct by tumor in the pancreas. (B) Late capillary phase of RPO celiac 
arteriography shows defect due to dilated common hepatic and common bile ducts (arrows). 


filling of enlarged cholecystic and perichole- 
Cystic veins were seen in 2 patients 
(Fig. 165). 

Carcinoma of the hepatic and common bile 
ducts. Of the 5 patients with common he- 
patic duct tumors and 4 patients with com- 
mon bile duct tumors the only arterial 
abnormality related to the neoplasms was 
irregularity of the pancreaticoduodenal ar- 
teries in 2 patients with carcinoma of the 
common bile duct (Fig. 15). One other pa- 
tient with carcinoma of the common he- 
patic duct had pancreaticoduodenal en- 
casement due to pancreatitis. 

Neovascularity was not seen in any of 
these patients. A tumor blush was seen in I 
patient with a common bile duct tumor 
(Fig. 15), but not in any other of these pa- 


tients. The portal vein and its branches 
showed slight narrowing in 2 patients with 
hepatic duct tumors (Fig. 2C; and 9B), 
while the veins were normal in the 7 other 
patients. 

Other patients. The only arterial abnor- 
mali-y noted on the angiograms of 6 pa- 
tients with common bile duct calculi caus- 
ing jaundice was pancreaticoduodenal nar- 
rowiag in I patient who had pancreatitis. 
The capillary and venous phases were nor- 
mal. The patient with a common bile duct 
striccure and the patient with a cystic duct 
calcı lus compressing the common hepatic 
duct had normal angiograms. 

Two patients with hepatitis and 1 with 
sclerosing cholangitis had normal arterio- 
grams. Two patients with cirrhosis had en- 
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Fic. 7. (4) Operating room cholangiogram shows dilatation of tre gallbladder and biliary ducts in patient 
with carcinoma of the head of the pancreas. Arrows point to the upper margin of the common hepatic 
duct. (B) Subtraction technique film of venous phase of AP celiac arteriogram shows slight upwards 
concavity of portal vein where the vein is in relationship to the common hepatic duct. 
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Fic. 8. Dilated neck of the gallbladder presses upon 
the portal vein (large black and white arrow) as 
seen in the capillary venous phase of RPO superior 
mesenteric arteriogram in patient with carcinoma 
of the head of the pancreas. The black arrowheads 
point to the upper medial aspect of the portal vein 
and the black arrows point to the distended gall- 
bladder. The cystic artery arose from the superior 
mesenteric artery. 


larged tortuous intrahepatic arteries. One 
of these patients had ascites which was 
first detected on the angiogram and the 
other had severe portal hypertension with 
no filling of the intrahepatic branches of the 
portal v2in. One other patient with cirrhosis 
had a ncrmal arteriogram. The patient with 
carcinoraa of the body of the pancreas with 
liver metastases showed encasement of the 
splenic artery, nonfilling of the splenic vein 
with filling of collateral veins, and defects 
within the liver in the hepatogram phase. 


DISCUSSION 


The a-teriogram is useful in the jaundiced 
patient in suggesting whether jaundice is 
on an obstructive or nonobstructive basis, 
and if obstructive, in determining the site 
and extent of the obstructing lesion. 

Redman and Reuter? showed that gall- 
bladders measuring more than 35 cm.? or 
having a width of more than 5 cm. may be 
considered distended, and this distention is 
usually due to obstruction. Distention of 
the gallbladder may occasionally be seen 
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Fic. 9. (4) Percutaneous transhepatic cholangiogram in patient with carcinoma of common hepatic duct. 
Note marked narrowing at confluence of the hepatic ducts (arrow), and nonfilling of the common hepatic 
duct. Some contrast material passed the ot struction, and the common bile duct is visualized. (B) Localized 
indentation on inferior aspect of portal ve n (arrows) which is considered to be related to the tumor mass. 
Note also dilated ducts which can be corselated with the percutaneous transhepatic cholangiogram. The 
ducts can be seen alongside the central braaches of the portal vein. 
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Fic. 10. (4) Encasement of proximal gastrcduodenal artery (arrow) in patient with carcinoma of the head 
of the pancreas. (B) Irregular encasemert of pancreaticoduodenal arteries (arrows) in another patient 
with carcinoma of the head of the pancrezs as demonstrated on AP superior mesenteric arteriogram. 
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Fic. 11. (4) Encasement of the origins of the jejunal and colic arteries (arrows) in a patient with carcinoma 
of the head of the pancreas as seen on RPO superior mesenter c arteriogram. (B) Venous phase shows 
nonfilling of superior mesenteric vein at the level of arterial encasement (arrow) with collateral filling of 


the superior mesenteric and portal veins centrally. 





Fic. 12. Displacement and slight narrowing (arrow) 
of the pancreaticoduodenal arcade in a patient 
with carcinoma of the papilla of Vater as demon- 
strated on superior mesenteric arteriogram. 


without obstruction. One jaundiced patient 
in this series with cirrhosis and gallstones 
had a distended gallbladder without cystic 
or common bile duct obstruction. We have 
seen one nonjaundiced patient with gall- 
stones (not in this series) who also had 
a distended nonobstructed gallbladder. 
While the cause of gallbladder dilatation is 
not always certain, gallbladder dilatation 
in a Jaunciced patient is strongly suggestive 
of distal biliary obstruction. If the gallblad- 
der is enlarged or normal, the cystic artery 
and gallbladder will almost invariably be 
demonstrated on the angiogram. On the 
other hand, cystic artery visualization was 
seen in only 2 of 18 patients with contracted 
gallbladders.* 

In the present series the arteriogram was 
highly reliable in determining the presence 
or absence of distal biliary obstruction. It 
should be noted in this regard that the 
angiogram is a more reliable indicator of 
gallbladder distention than physical exami- 
nation. In one series an enlarged gallblad- 
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Fic. 13. (4) Subtraction technique film of AP celiac arteriogram shows mild stretching of hepatic and 
gastroduodenal arteries and narrowing of gastroduodenal artery (arrow) in a patient with lymphosarcoma 
of the pancreas. (B) Venous phase of superior mesenteric arteriogram of same patient shows obstruction 
of superior mesenteric vein (arrow) with nonfilling of the portal vein. (C) Venous phase of celiac arteri- 
ogram shown in 4 demonstrates obstruction of splenic vein (arrow) with nonfilling of portal vein. 
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Fic. 14. Slight neovascularity of mucinous adeno- 
carcinoma of the head of the pancreas (arrows) 
shown on RPO superior mesenteric arteriogram. 
Note also encasement of the right hepatic artery 
(arrowhead) which arises from the superior mesen- 
teric artery. 


der was palpated in 31 per cent of go pa- 
tients with carcinoma of the head of the 
pancreas and in 68 per cent of 16 patients 
with carcinoma of the papilla of Vater.?* In 
another series of 152 patients with carci- 





Fic. 15. AP celiac arteriogram shows irregularity of 
pancreaticoduodenal arteries (arrowheads) and 
blush (black arrows) of 2 cm. in diameter carci- 
noma of the common bile duct. Note also displace- 
ment of the cystic arteries (white arrows) around 
a markedly distended gallbladder. 
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noma of -he head of the pancreas Richards 
and Sosir.? found that 17 patients had prior 
cholecystectomies and that a palpable gall- 
bladder was present on physical examina- 
tion in orly 18 per cent of patients who had 
not had previous cholecystectomy. 


Fic. 16. (4) AP hepatic arteriogram shows large 
area of hypervascularity and tumor staining in the 
liver anc gallbladder bed. The gallbladder outline 
cannot de delineated. (B) Late capillary phase 
shows early visualization of the hepatic vein 
(arrows) and early filling of the enlarged peri- 


^ « 


cholecystic veins (arrowheads). 
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Gallbladder distention was invariably 
present with a distal obstruction and a nor- 
mal gallbladder. Surprisingly, the gallblad- 
der was often dilated in the presence of a 
distal obstruction despite the existence of 
cholecvstitis and cholelithiasis. While this 
is a small group of patients, the evidence 
indicates that chronic gallbladder inflam- 
mation by no means precludes gallbladder 
distention, when a distal obstruction is 
present. 

When obstructive jaundice is due to car- 
cinoma of the gallbladder, a distended gall- 
bladder may or may not be seen. Although 
gallbladder distention is frequently present 
at surgery, a tumor blush of the gallbladder 
often merges with a blush in the right lobe 
of the liver making delineation of the gall- 
bladder difficult (Fig. 164). In some of 
these and other cases in which the gallblad- 
der outline is not clearly visualized, gall- 
bladder distention may be detected by 
noting separation and stretching of the 
branches at the bifurcation of the cystic 
artery (Fig. 44). 

Dilatation or lack of dilatation of the he- 
patic ducts may also be used as an aid in 
the differentiation of obstructive from non- 
obstructive jaundice. A case showing di- 
lated bile ducts on the angiogram was re- 
ported by Rossi and Gould, but we feel 
that this finding has not been sufficiently 
emphasized to date. As shown above dilata- 
tion of the extrahepatic ducts as well as the 
intrahepatic ducts could often be detected 
(Fig. 1; 2; 4; 5; 6; and 9). The common he- 
patic duct lies anterior and to the right of 
the portal vein.'^? Dilatation of the com- 
mon hepatic duct or a tumor within this 
duct may displace the portal vein superi- 
orly, posteriorly and/or to the left (Fig. 7; 
and g). The right and left hepatic ducts lie 
anterior to the portal vein!^? and may dis- 
place the vein posteriorly. A dilated neck of 
the gallbladder may cause a similar dis- 
placement of the portal vein (Fig. 8). The 
left hepatic duct is fairly constant in its re- 
lationship to the left branch of the portal 
vein with the duct lying above and anterior 
to the vein,? so that this duct may at times 
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be identified by following the course of the 
left portal vein, when filled, or the left he- 
patic artery (Fig. 5). Not infrequently the 
left hepatic duct will bifurcate into 2 
branches of equal size. Due to its longer 
extrahepatic course the left hepatic duct 
often dilates more than the right hepatic 
duct when there is a distal obstruction.” 

The right hepatic duct is less constant in 
length and in its branching pattern than 
the left hepatic duct, since there is often an 
early bifurcation with a short or entirely 
absent right hepatic duct. Central lucencies 
related to the right duct, its major branches 
or the confluence of the right and left ducts 
were often detected (Fig. 1; 2; 4; 5; and 9). 
It is important not to misinterpret a central 
circular lucency within the liver as a metas- 
tasis (Fig. 1; and 2/7). This defect due to 
duct dilatation has also been reported with 
liver scanning? (Fig. 4C). In a jaundiced 
patient a single central hepatic lucency on 
angiography is almost certainly related to 
duct dilatation rather than to liver me- 
tastases. 

With distal obstruction the ducts are 
often dilated together with the gallbladder 
(Fig. 1) or without gallbladder dilatation in 
cases with previous cholecystectomy and 
some cases of chronic fibrotic cholecystitis. 
Dilated ducts may also be seen when the 
obstruction is proximal to the cystic duct- 
common duct junction (Fig. 2C; 4; and 
9 B). In these cases the differential diagnosis 
is between a distal obstructing lesion with 
gallbladder disease (or cholecystectomy), 
and a more proximal obstructing lesion in- 
volving the common hepatic duct. Trans- 
hepatic or transjugular cholangiography, 
which we advocate prior to surgery in all 
patients operated upon for jaundice will 
resolve this differential diagnosis. 

As mentioned above, hepatic duct dis- 
tention is not always seen in the presence of 
obstructing lesions. Dilatation of the intra- 
hepatic ducts and of the extrahepatic ducts 
in the liver hilus is often seen with mild to 
moderate ductal distention. Dilatation of 
the common hepatic duct and common bile 
duct may also occasionally be seen (Fig. 5; 
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and 6) or inferred by displacement of the 
portal vein (Fig. 7). In addition, patients 
may have marked distention of the gall- 
bladder with no or only slight distention of 
the intra- and extrahepatic ducts. Hepatic 
parenchymal compliance appears to play a 
role in the ability of the intrahepatic ducts 
to distend. In cirrhotic livers the lack of 
hepatic compliance will not allow for in- 
trahepatic duct dilatation. The relative 
and absolute compliance of the gallbladder, 
extrahepatic, and intrahepatic ducts may 
well help to determine at which level, if 
any, dilatation will be present. 


SPECIFIC ENTITIES 
CARCINOMA OF THE HEAD OF PANCREAS 


Arterial encasement is a well known an- 
giographic manifestation of carcinoma of 
the pancreas, yet few articles have de- 
scribed the frequency of specific artery in- 
volvement with this disease. 

The arteries which are most frequently 
involved with carcinoma of the head of the 
pancreas and of the papilla of Vater are the 
pancreaticoduodenal arteries. The gastro- 
duodenal and superior mesenteric arteries 
are often involved with the larger tumors. 
The incidence of demonstrating the pan- 
creaticoduodenal arteries is dependent upon 
technique. Reuter?? states that visualiza- 
tion of all the pancreaticoduodenal arteries 
can only consistently be obtained with the 
catheter in the gastroduodenal artery. In 
his series hepatic artery injection produced 
no definite improvement in the visualiza- 
tion of these arteries in the head of the 
pancreas as compared with simultaneous 
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celiac and superior mesenteric injections. 
Boijsen® agrees that the best visualization 
of the irtrapancreatic arteries is obtained 
by gastroduodenal injection, but also states 
that a distal hepatic arterial injection will 
usually give good detail of the arteries in 
the head of the pancreas. Takashima et al.57 
also show good visualization of the arteries 
in the head of the pancreas with the cath- 
eter in the distal hepatic artery, with slight 
improve nent in filling with gastroduodenal 
injectior. Lunderquist?? on the other hand 
reported reliable filling of the pancreatico- 
duodenal arteries by simultaneous celiac 
and superior mesenteric injection. 

In the present series it was seen that se- 
quential celiac and superior mesenteric 
artery irjections often but not consistently 
filled the pancreaticoduodenal arteries. 
These arteries were often filled by superior 
mesenteric as well as celiac injection. In- 
deed the pancreaticoduodenal arteries were 
often bctter filled by superior mesenteric 
than celiac injection as in the cases shown 
in Figures 108 and 12. The first superior 
mesenteric injection is performed in the 
RPO projection to displace the superior 
mesenteric vein from the spine. If better 
delineat on of the pancreaticoduodenal ar- 
teries 1s desired, another injection with a 
smaller amount of contrast material is per- 
formed ‘n the AP projection, coning down 
on the head of the pancreas. 

The ncidence of gastroduodenal and 
pancrea-icoduodenal arterial involvement 
with carcinoma of the head of the pancreas 
and papilla of Vater in the current series 
and in previous series is given in Table rir. 


TABLE III 


ARTERIAL INVOLVEMENT WITH CARCINOMA OF THE HEAD O * PANCREAS AND PAPILLA OF VATER 

















Carcinoma of Head of Pancreas 











Carcinoma of Papilla of Vater 








Gastroduodenal Pancreaticoduodenal 





Gastroduodenal Pancreaticoduodenal 
Lunderquist?? 6/13 14/23 1/3 
Suzuki eż a/. 6 1/7 aJ 0/7 
Reuter ef a/.*? 0/2 
Current Series 15/30 15/30 o/I 
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Other entities which may cause narrowing 
of the gastroduodenal or pancreaticoduode- 
nal arteries are pancreatitis, gastric ulcer, 
carcinoma of the common bile duct, duode- 
num or stomach, metastases to the pan- 
creas, arteritis and perhaps most :mpor- 
tantly atherosclerosis??? Frequently the 
question arises as to whether narrowing 1s 
due to atherosclerosis or pancreatic neo- 
plasm. Unfortunately there is no consis- 
tently opacified vein, as there is with the 
splenic and superior mesenteric arteries, 
which can be utilized (by the preseace or 
absence of involvement) as an indication 
whether narrowing of the gastroduodenal 
or pancreaticoduodenal arteries is Cue to 
pancreatic disease or atherosclerosis. 

In our experience atherosclerotic narrow- 
ing of the gastroduodenal artery 1s no: com- 
mon and when it does occur the narrowing 
is slight, but we have seen 1 case with 
atherosclerotic occlusion of this ertery. 
Reiner and Jimenez? have shown patho- 
logically that the gastroduodenal artery 
may not infrequently be affected by mild 
atherosclerosis, but pancreaticoduodenal 
arcade involvement is much less frequent 
and when present is usually associated with 
severe atherosclerosis elsewhere im the 
celiacomesenteric circulation. 

Bookstein ef a/. reported that smooth 
atherosclerotic narrowing of the hepztic or 
gastroduodenal arteries may simulate car- 
cinomatous involvement, but that mild 
narrowing of these arteries as the sole mani- 
festation of pancreatic carcinoma is quite 
unusual. Only 2 of 41 patients with carci- 
noma of the pancreas demonstratec nar- 
rowing of the hepatic or gastroducdenal 
arteries without associated angiographic 
abnormalities of neoplasm. Our firdings 
are similar regarding gastroduodenal and 
pancreaticoduodenal involvement. Of 15 
patients with narrowing of the gastrodu- 
odenal artery, 13 had major vein involve- 
ment; the other 2 patients both had tumor 
blushes and 1 also had neovascularrty. A 
total of 5 of these 15 patients had neovascu- 
larity and/or tumor blushes. Also, of these 
15 patients 11 had additional arteries en- 
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cased (pancreaticoduodenal 9, superior 
mesenteric and/or branches 5, hepatic 5, 
and splenic 2). 

Pancreaticoduodenal narrowing was pres- 
ent in 15 patients. Only 1 had no additional 
arterial encasement, neovascularity, ve- 
nous involvement or tumor blush. Of the 
remaining 14 patients 12 had major venous 
involvement, while a tumor blush was pres- 
ent in the other 2 patients and 1 also had 
neovascularity demonstrated. A total of 7 
of these patients had neovascularity and/or 
tumor blushes. Thirteen patients in this 
group had involvement of other arteries 
(gastroduodenal 8, superior mesenteric 
and/or branches 7, hepatic 6, and splenic 2). 

The differential diagnosis of atheroscle- 
rosis does not need to be considered when 
there is stretching and displacement of 
arteries. The pancreaticoduodenal arcade 
was stretched and displaced in our single 
case of carcinoma of the papilla of Vater 
(Fig. 12) and a similar finding was de- 
scribed by Suzuki e£ 4/5 in 1 of their cases 
of cancer of the papilla. In these cases the 
differential diagnosis includes pancreatic 
pseudocyst, but pseudocyst is usually an 
untenable diagnosis both angiographically, 
because of lack of additional findings, and 
clinically. Carcinoma of the pancreas may 
also be considered, but carcinoma because 
of its infiltrating growth pattern usually 
produces encasement rather than displace- 
ment of arteries. 

The superior mesenteric artery and the 
origins of its proximal branches (inferior 
pancreaticoduodenal, middle colic and je- 
junal arteries) were narrowed in 13 of 30 
cases with carcinoma of the head of the 
pancreas (Fig. 11). In 4 of these patients 
the gastroduodenal and pancreaticoduode- 
nal arteries were normal. Buranasiri and 
Baum? showed several instances of involve- 
ment of the superior mesenteric artery by 
tumors of the head of the pancreas. Su- 
perior mesenteric artery involvement has 
been mentioned by other authors, but 
usually in conjunction with tumors of the 
uncinate process invading the transverse 
mesocolon.^* The present study demon- 
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strates the frequency of involvement of the 
superior mesenteric trunk and/or its prox- 
imal branches by tumors of the head of the 
pancreas. Because of the frequency with 
which the superior mesenteric arterv and 
vein (as discussed below) are involved by 
tumors of the head of the pancreas, superior 
mesenteric as well as celiac arteriography 
should be performed on the jaundiced 
patient. 

Certainly abundant neovascularitv and 
dense tumor stains are not characteristic of 
the ordinary adenocarcinoma of the pan- 
creas and indeed when a vascular lesion is 
present in the pancreatic region, this sug- 
gests a tumor of unusual cell type.!: 1132.33.46 
There is a wide discrepancy among various 
reports concerning the incidence of neo- 
vascularity and tumor blushes with the 
ordinary adenocarcinomas of the pancreas. 
In 41 patients with carcinoma of the pan- 
creas Bookstein et al.!? described pathologic 
vessels in 24 patients and a blush in 4 pa- 
tients. Lunderquist?" reported pathologic 
vessels in 17 patients and a blush in 6 of 23 
patients with carcinoma of the head of the 
pancreas. On the other hand Buranasiri and 
Baum? reported only 1 case each with a 
blush and new vessels among 50 patients 
with carcinoma of the pancreas, half of 
which involved the pancreatic head. The 
difference in frequency of these angio- 
graphic signs is probably related to a 
combination of factors, both interpretative 
and technical. At times it is difficult to 
distinguish new vessels from encased small 
arteries. Also blushes may be present nor- 
mally in the pancreas albeit more com- 
monly in the tail. The use of superselective 
studies and enhancement techniques, such 
as magnification and subtraction, undoubt- 
edly will result in an increased delineation 
of tumor vessels and blushes. 

In our series of 30 patients with carci- 
noma of the head of the pancreas neovascu- 
larity and/or tumor blushes were identified 
in II patients (Fig. 14). Three of these pa- 
tients had unusual histologic cell types 
(squamous cell 2, and mucinous, 1). 

Venous involvement with tumors of the 
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head of the pancreas is the rule, and as 
stated above was present in 26 of 30 pa- 
tients with carcinoma of the head of the 
pancreas and in the patient with pancreatic 
lymphosarcoma. The importance of the 
venous phase of the angiogram was first 
stressed by Buranasiri and Baum.? In their 
series of I6 patients with tumors of the 
head of the pancreas the superior mesen- 
teric and/or portal vein were definitely in- 
volved ir 12 patients, while superior mesen- 
teric and/or splenic vein involvement were 
demonstrated in every one of Io patients 
with carcinoma of the head and body of the 
pancreas. To ensure good venous filling, a 
relatively large bolus of contrast material 
(so cc.) is given, and prolonged filming 
(covering approximately 30 seconds) is ob- 
tained. Buranasiri and Baum” also state 
that venous opacification may be enhanced 
by a relazively slow injection rate (less than 
8 cc./sec.) and intraarterial tolazoline in- 
jection (25-50 mg.) immediately prior to 
contrast medium injection. 

Ascites was detected on the angiogram 
by displacement of the liver from the 
lateral body wall. This was noted in 2 pa- 
tients, in 1 of whom it was the first clinical 
indication of ascites. Angiographic evidence 
of liver metastases was not identified in any 
patient with carcinoma of the head of the 
pancreas. When metastases were present at 
surgery, they were often quite small. 


LYMPHOMA 


In general lymphomatous tumors are hy- 
povascular, although at times mild hyper- 
vascular ty may be seen. In our experience 
with a single lymphosarcoma of the pan- 
creatic region described in this communica- 
tion and other lymphomatous tumors in 
the mesentery, there-appears to be more 
stretching and displacement of arteries 
than encasement, although marked venous 
obstruct on is seen at times (Fig. 13). Simi- 
lar findmgs were demonstrated in 2 cases 
reported by Reuter and Redman.*? The 
relative lack of arterial encasement may be 
due to tie fact that many lymphomatous 
tumors cre more cellular and produce less 
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TABLE IV 


ANGIOGRAPHIC FINDINGS WITH CARCINOMA OF THE GALLBLADDER 


-ncased Arteries 





Enlarged Cystic 
Artery 

Abrams ef al? 5/5 5/5 
Deutsch'* 2/5 
Reuter et 57.9 2/5 5/5 
Rösch e£ al“! ae 
Sato et a7.9 7/16 
Current Series" 4/7 4/7 


* Includes 2 cases in which patients did not present wirh jaundice. 


of a desmoplastic response than the typical 
carcinoma of the pancreas. 

In a series of 1,269 patients with lympho- 
sarcoma, including.patients with giant fol- 
licular lymphoblastoma, lymphosarzoma, 
and reticulum cell sarcoma, jaundice oc- 
curred during the course of the disease 1n 
159 patients (12.5 per cent) and wes the 
first sign of disease in 3 patients.** Twenty- 
two per cent of these patients had ckemis- 
tries characteristic of obstruction. Of -he 44 
patients in whom an explanation of jaun- 
dice was forthcoming extrahepatic bile 
obstruction by tumor was the definite cause 
in 14 and the probable cause in 4 more. 
Jaundice was due to obstructing common 
bile duct calculi in 3 patients, to cirrhosis in 
3 patients, to hepatitis in 4 patients and to 
hepatic tumor alone in 12 patients. In 
another review article Hoster and Drat- 
man” stated that jaundice occurred in 3-8 
per cent of patients with Hodgkin’s disease 
and that jaundice may be due to pressure 
of enlarged lymph nodes on the extrahe- 
patic bile ducts.” 


CARCINOMA OF THE GALLBLADDER 


Carcinoma of the gallbladder is usually 
detected after it has invaded adjacent 
structures rendering the tumor unrzsect- 
able. Direct invasion of the liver and ob- 
struction of the extrahepatic biliary ducts 
are common. Approximately 5o per cent of 
patients with carcinoma -of the gallbladder 
present with jaundice.!* 

Most authors have described similar 


Cystic and Branches | Other 


Neovascularity 


5/5 
2/5 
5/5 
4- 
-f- 
6/7 





angiographic appearances with gallbladder 
carcinoma.?1441,47,53,55 Table rv is a sum- 
mary of the findings of the present and 
previously reported cases. The cystic artery 
is often enlarged and encasement of this 
artery or its branches is the rule (Fig. 4). 
Due to extracholecystic extension, adjacent 
arterial encasement is also present in the 
majority of cases, with the hepatic artery 
and its branches most frequently involved 
(Fig. 4). New vessel formation is present in 
the vast majority of patients and this is 
accompanied by a tumor blush (Fig. 16). 
Extension to the.liver is associated with 
hypervascularity, but in the unusual avas- 
cular carcinoma, avascularity within the 
adjacent invaded liver parenchyma may 
be seen. 

Since extracholecystic extension is the 
rule, it is often difficult to outline the gall- 
bladder in its entirety in the capillary 
phase. 

Major venous encasement is quite com- 
men with gallbladder carcinoma. The por- 
tal vein is the vein most frequently nar- 
rowed or occluded, but mesenteric and 
splenic vein encasements are also common. 
It is probable that venous involvement is 
more severe in those patients who present 
with Jaundice, since biliary obstruction indi- 
cates a central growth of the neoplasm. 

Prominent early filing cholecystic and 
pericholecystic veins may be seen with car- 
cinoma of the gallbladder (Fig. 16.5).1455 We 
have also noted early filling of hepatic veins 
in 2 of the § patients reported in this com- 
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munication (Fig. 168) and in 2 other pa- 
tients with gallbladder carcinoma who did 
not present with jaundice.” 

When large, a carcinoma of the gallblad- 
der which invades the liver may be difficult 
to distinguish from a hepatoma. The diag- 
nosis of gallbladder carcinoma is favored 
by an enlarged cystic artery feeding the 
tumor, less bizarre and prominent neoplas- 
tic vessels, and early filling of hepatic and 
enlarged pericholecystic veins. While gall- 
bladder carcinomas may cause hepatic 
artery to hepatic vein shunting, hepatomas 
tend to cause hepatic artery to portal vein 
shunting.?5? There is also a much higher 
incidence of hepatic and portal vein in- 
vasion by hepatomas. 

Regarding hepatic vein visualization it 
should be noted that this may be seen in 6 
per cent of normal patients with celiac or 
hepatic arteriograms.!? This is not seen in 
cirrhosis,'® probably because of the associ- 
ated hepatic venous encroachment,’ de- 
spite an increase in the size and number of 
the hepatic arteries," which is probably 
correlated with an increased arterial blood 
flow in cirrhosis. Hepatomas are usually 
superimposed upon cirrhosis, which helps 
to explain the rarity of hepatic vein visual- 
ization with hepatomas.? However, at 
least 1 case of hepatic artery to hepatic 
vein shunting due to a hepatoma has been 
described by Rossi and Gould.?? Hepatic 
vein visualization is increased in carcinoma 
of the gallbladder because of the hypervas- 
cularity of these tumors and because 
cholecystic veins drain to hepatic as well as 
to portal veins.” 
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BILIARY DUCT TUMORS 


The arteriograms in our patients with 
tumors of the hepatic and common bile 
ducts were usually normal. Three of § pa- 
tients w th common hepatic duct tumors 
and 2 of 4 patients with common bile duct 
tumors -ad no arterial, capillary or venous 
abnormality, and even the positive findings 
in this group of patients were subtle. The 
angiogrzphic findings in biliary duct tumors 
in the c rrent and previous series?! ^93 are 
shown i- Table v. Reuter e/ al.” state that 
the degree of neovascularity and the tumor 
staining are correlated with the size of the 
tumor and that the smaller tumors show 
mainly arterial encasement. A low inci- 
dence o* portal vein involvement is noted 
in all reports of ductal tumors.!927 1153 

The higher percentages of arterial encase- 
ment, nzovascularity and tumor blushes in 
the repc-ts of Reuter eż al. and Kaude and 
Rian” as compared with our series may 
well be cue to a higher percentage of super- 
selective studies by these authors. In the 
event that the superior mesenteric and 
celiac arteriograms are entirely normal, an 
argumert could be made for obtaining 
superselective hepatic and gastroduodenal 
arteriograms. However, superselective ex- 
aminations add to the complexity and 
procedure time of the examination, and 
increasing procedure time increases the po- 
tential complication rate. In addition, small 
artery :bnormalities in the head of the 
pancreas are not specific for neoplasm and 
do not m any event indicate nonresectabil- 
ity should a tumor of the head of the 
pancreas be present. Redman and Reuter? 


TABLE V 


ANGIOGRAPHIC FINDINGS WITH BILIAR* DUCT TUMORS 











Arterial Encasement 


Blush Venous Encasement 


Neovasclarity 


eee 


Reuter e/ al.” CHD 4/5 
CBD &/7 
Kaude and Rian?’ 13/16 
Sato ef a/. 1/3 
Current Series CHD 0/5 
CBD 2/4 





CHD= common hepatic duct; CBD= common bile duct. 


6 i RN Ff 4 1/6 
3/4 1/4 0/3 
13/19 2/6 
O/$ 0/5 a; 
0/4 1/4 0/4 
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have shown also that collaterals may 
develop in the liver hilus secondary to 
vascular stenosis or ligation, or cirrhosis. 
These may be difficult to distinguish from 
arteries infiltrated by neoplasm. In view of 
these factors an argument.could be made 
for terminating the examination should the 
celiac and superior mesenteric arteriograms 
show no abnormality and proceeding to 
transjugular or transhepatic cholangiogra- 
phy. Normal celiac and superior mesenteric 
arteriograms for all practical purposes ex- 
clude a large carcinoma of the head of the 
pancreas which might be left unoperated, if 
the patient were not symptomatic from the 
elevated bilirubin. 


CALCULUS DISEASE AND PANCREATITIS 


Patients with calculus disease without 
pancreatitis have normal arteriograms. 
This is. our experience and also that of 
Göthlin e a/.,?° who described normal selec- 
tive visceral angiograms in 4 patients with 
jaundice due to common bile duct calculi. 
Two of our patients with pancreatitis had 
pancreaticoduodenal narrowing. One pa- 
tient was jaundiced on the basis of common 
duct calculi, while the other had a tumor of 
the common hepatic duct. In the latter case 
pancreaticoduodenal narrowing was misin- 
terpreted as indicating the presence of a 
tumor in the head of the pancreas. In our 
experience and that of others it may be dif- 
ficult to differentiate carcinoma of the pan- 
creas from pancreatitis. Both may cause 
stenosis of the large arteries near the 
pancreas and of the small intrapancreatic 
arteries, hypervascularity and tissue stain- 
ing, as well as major vein stenosis or occlu- 
sión, H:123441 Reuter e£ 27.2? found that nor- 
mal arteriograms were obtained in 22 per 
cent of patients with pancreatitis and that 
the severity of the angiographic findings 
was related to the duration of the disease 
rather than to the acuteness of the inflam- 
matory process. 


CIRRHOSIS, HEPATITIS, AND CHOLANGITIS 


Cirrhosis may or may not be associated 
with an abnormal angiographic appearance 
during the arterial, capillary and venous 
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phases. Typically in cirrhosis, biliary as 
well as portal, there is an increase in width 
of the hepatic artery, increased arterial col- 
lateral flow to the liver, and increased tortu- 
osity of the intrahepatic arteries.’ The in- 
crease in tortuosity of the intrahepatic ar- 
teries appears to be related to: (1) a de- 
crease in liver volume; (2) hepatic artery 
to portal vein communications, so'that the 
hepatic circulation functions as small ar- 
teriovenous fistulae;* (3) hepatic vein ob- 
literation,”® causing the portal vein to 
function as an efferent channel which re- 
sults in the hepatic artery serving as the 
only afferent channel; and (4) regenerating 
nodules may be hypervascular, ^59 and are 
supplied primarily by arterial blood.*? 

The hepatographic phase is often not in- 
tense during celiac angiography and there- 
fore this phase may not be of help in the 
diagnosis of cirrhosis.*5* The venous phase, 
however, may be quite important in dem- 
onstrating altered venous drainage due to 
portal hypertension.9 ` | 

No abnormal angiographic pattern has 
been described in patients with cholangitis 
or hepatitis except with alcoholic hepatitis 
in which the arteriogram may simulate 
a diffuse infiltrating hypervascular neo- 
plasm.5° 


SUMMARY 


Analysis of the angiogram of the jaun- 
diced patient is often of help in separating 
surgical from nonsurgical jaundice. 

In the case of obstructive jaundice the 
angiogram may demonstrate the etiology 
and extent of the obstructing lesion. 

Occasionally, the angiogram will demon- 
strate a medical cause for jaundice (as 
cirrhosis) which may not be clinically 
apparent. 


Seymour Sprayregen, M.D. 
Department of Radiology 

Montefiore Hospital and Medical Center. 
11r East 210th Street 

Bronx, New York 10467 
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RELIEF OF OBSTRUCTIVE JAUNDICE THROUGH 
PERCUTANEOUS TRANSHEPATIC CATHETER— 
A NEW THERAPEUTIC MEIHOD* 


By WILLIAM MOLNAR, M.D.,f and ALFRED E. STOCKUM, M.D.1 


COLUMBUS, OHIO 


IN SUPR IS decompression of a 
biliary obstruction by percutaneous 
transhepatic catheter becomes imperative 
in selected patients when an immediate or 
even delayed reconstruction of the biliary 
system cannot be secured by operation. 
Both benign stricture and malignant tumor 
may produce obstructive jaundice; if it is 
caused by benign stricture of the common 
duct, it is due to surgical trauma in 97 per 
cent of the cases. The subsequent, fre- 
quently multiple surgical interventions be- 
ginning with the primary repair and termi- 
nating in hepatojejunostomy, all may wed 
to stenosis in 30 to 35 per cent of the cases.” 
Recurrent ascending cholangitis, chronic 
hepatitis, uncontrollable pruritus, depres- 
sion and occasional portal hypertension 
further aggravate the clinical condition 
which as a rule ends in hepatic failure and 
coma. If, in addition, the transhepatic 
cholangiogram shows high hepatic obstruc- 
tion and no accessible segment for reanasto- 
mosis, then transhepatic biliary decompres- 
sion (TBD) remains the only hope and 
remedy for the desperate condition of the 
unfortunate patient. This approach was in- 
troduced and performed in 11 patients 
during the last 4 years. 

The purpose of this paper is to describe 
the technique of TBD and demonstrate the 
value of the procedure by representative 
cases in benign and malignant stenoses of 
the biliary system. 


METHODOLOGY 


After visualization of the biliary system 
on percutaneous cholangiogram, the films 


are immediately reviewed with the refer- 
ring surgeon in order to decide whether 
reconstruction of the biliary duct would 
still be feasible or whether insertion of a 
catheter for biliary drainage is the only 
alternative to conservative medical man- 
agement. At this time the biliary system 
still retains enough contrast medium to be 
visualized under fluoroscopy. The point of 
the intended entrance is locally anesthe- 
tized, usually within the gth intercostal 
space in the midaxillary line, and the skin, 
subcutaneous tissue and the intercostal 
muscles are penetrated with a No. 16 
needle to prepare a dilated tract within the 
thoracic soft tissue. This helps to avoid 
wrinkling and telescoping of the tapered 
soft tip of the teflon catheter. An 8 inch 18 
thin-walled needle sheathed with a No. 7 
teflon catheter is next inserted under fluoro- 
scopic control. The tip of the catheter 1s 
attenuated and tapered to a 0.35 inch 
guide wire. It has 4 large side holes spiraling 
around the distal 5 cm. segment immedi- 
ately in front of the 5 mm. long, tapered 
tip. The needle, sheathed with the catheter, 
is directed into a contrast-outlined anterior 
segment of the right hepatic duct. Advance- 
ment into the liver parenchyma is accom- 
plished by constant rotation of the catheter 
while the needle is pressed in with variable 
force. The penetration of a relatively nor- 
mal liver parenchyma requires only gentle 
pressure; however, quite forceful manipula- 
tion mzy be necessary to penetrate a 
fibrotic nodule or neoplastic tumor. After 
entering the contrast-outlined tributary of 
the right duct, a couple ml. of contrast 
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agent is injected to locate the needle po- 
sition. Now the teflon tube is advanced 
and after all the side holes are within the 
duct the needle is completely withcrawn. 
At this time a 0.025 inch guide wire having 
a curved tip is introduced and the teflon 
catheter is manipulated into a final suitable 
position within the obstructed portion of 
the duct. The catheter in this position will 
provide external biliary drainage with the 
contents collected in a plastic bag (TA-4 
transfer pack). External drainage is not 
satisfactory in the long run; however, it 
may be applied for a few weeks pricr to a 
contemplated surgical procedure. 

Patients having extensive pruritus or 
disturbed sensorium due to the high serum 
bilirubin and impending hepatic coma 
usually respond very favorably in a few 
days to external drainage of the obst-ucted 
ductal system. Under such conditicns we 
prefer to keep the patient on external 
drainage for a few days before attempting 
to advance the catheter through the stric- 
ture into the adjacent free biliary sezment 
or anastomosed portion of the small intes- 
tine. The probing, dilatation and passage 
through a stenotic anastomosis usually re- 
quired an end-open, preshaped, braided 
catheter. Therefore the relatively rigid 
teflon tube is replaced by a No. 7 F poly- 
urethane catheter having the tip tapered to 
No. 5 F. After reaching the post-obstruc- 
tion area with the tube, a curved-tip guide 
wire (0.025 to 0.035 inches) is advanced 
through the tube and the end-open poly- 
urethane catheter is replaced with a teflon 
No. 7-8 F tube having multiple side holes. 
Depending on the demonstrated cordition 
of the biliary system visualized cn the 
cholangiogram and its connection to -he in- 
testinal tract, it will be necessary to provide 
a "custom made’’ catheter tailored to the 
individual problem. The bile obtained from 
the obstructed biliary system is freq 1ently 
infected by a variety of microorganisms 
such as Pseudomonas, Klebsiella and Entero- 
cocci. As a result, even the major branches 
may be clogged by mucoid aggregates of 
bile sludge, precipitates and debris ziving 
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the initial, false impression of stones on the 
cholangiograms. Most of these sludge-like 
substances can be washed out by prolonged 
irrigation with normal saline solution. It 
may be necessary to continue irrigation a 
few days before the duct system is clear. 
The patient with internal drainage should 
not be sent home unless the extracted bile 
content is uniformly clear, the major ducts 
can be filled with contrast medium and the 
patency of the tube can be maintained for 
24 hours without irrigation. Before dis- 
charge from the hospital the patient or a 
relative must be instructed to handle the 
daily lavage of the catheter under sterile 
conditions. The frequency of any follow-up 
visits depends on the individual case. The 
tube is changed at 3 month intervals, even 
in the absence of any symptoms or com- 
plaints. 


REPORT OF CASES 


Case 1. V.G. This 23 year old female had 
cholecystectomy in another hospital in May 
1970. Jaundice was noted 2 weeks later and her 
common duct was explored. Spiking fever, 
chills, jaundice and a 45 pound weight loss 
characterized her postoperative course. Follow- 
ing the second operation she was admitted to 
Ohio State University Hospitals in August 1970 
and percutaneous cholangiogram showed ob- 
struction of the common duct (Fig. 177). The 
patient had severe pruritus, symptoms of de- 
pression and bile encephalopathy. A TBD cath- 
eter was positioned in the bile duct through an 
anterior subcostal approach in order to treat 
her jaundice and relieve her cerebral symptoms 
before undertaking surgical reconstruction 
(Fig. 1 8). She responded well to external drain- 
age and was sent home for 3 weeks. During this 
period, her symptoms and laboratory findings 
were markedly improved; her total bilirubin 
dropped from 22.4 to 11.2 mg./100 ml. The pa- 
tient underwent an uneventful choledochoje- 
junostomy 1n September 1970. 


Case 11. J.R. This 46 year old female under- 
went multiple surgical procedures in an outside 
hospital between 1969 and 1971. These included 
cholecystectomy with common duct exploration 
during 1969, and repair of the common duct in 
September 1969. One month later she under- 





Fic. 1. Case 1. (4) Percutaneous transhepatic 
cholangiogram obtained August 13, 1970, showing 
complete obstruction of the early common hepatic 
duct. The intrahepatic ducts are greatly distended; 
some of the tributaries of the right and several of 
the left hepatic ducts are not filled. (B) Follow-up 
cholangiogram obtained 6 days later after daily 
irrigation through the inserted anterior subcostal 
transhepatic biliary decompression tube (TBD). 
The biliary system is less distended, much better 
filled and there is now evident flow through the 
choledochoduodenal anastomosis (compare with 


4). 


went hepatoduodenostomy in Ohio State Uni- 
versity Hospital followed by laparotomy for 
gastric hemorrhage in December 1969. The in- 
testinal adhesions causing bowel obstruction 
had to be lysed in July, 1970 when her reste- 
nosed hepatoduodenostomy and abdominal 
hernia were also repaired. In January 1971 a 
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Roux-en-Y type of hepatojejunostomy was per- 
formed udlizing the inferior segment of the left 
lobar duct. Unfortunately the obstructive jaun- 
dice recurred in 5 months and her direct bilirubin 
reached &.g mg./1oo ml. at the time of her re- 
admissiom on August 7, 1971. À percutaneous 
transhepatic cholangiogram at this time demon- 
strated o^struction of the hepatojejunal anasto- 
mosis (Fig. 24). A TBD tube was inserted into 
the right lobar duct; however, it had to be re- 
moved 3 days later because of frequent hemo- 
bilia requiring transfusions. In view of the mul- 
tiple unsuccessful surgical reconstructions, her 
debilitated general condition and her large ab- 
dominal mcisional hernia, no new surgical inter- 
vention could be contemplated and she was sent 
home on medical therapy. 

She was readmitted on June 30, 1972 and a 
percutaneous transhepatic catheter was suc- 
cessfully placed in the right anterior hepatic 
radical. The left inferior duct was almost com- 
pletely obstructed just in front of the anasto- 
mosis due to multiple small stones, bile precipi- 
tation and debris. After 20 days of external 
drainage and irrigation, the total bilirubin had 
been reduced from 8.4 to 2.4 mg./1oo ml. and 
considerable amount of debris had been re- 
moved (Fig. 2B). The stenotic anastomosis was 
then catheterized and moderately dilated. After 
positionimg the guide wire into the jejunal seg- 
ment, a teflon tube having side holes proximal, 
as well æ distal to the site of the hepaticoje- 
junal anastomosis was put in place (Fig. 2C). 
This prowided the drainage from the biliary 
duct to t-e jejunum and permitted daily irriga- 
tion of tre biliary system using normal saline 
solution. As of September 5, 1973 she has been 
having in-ernal drainage for 16 months. During 
this pericd she gained 26 pounds and returned 
to normal sedentary life. It may be worth men- 
tioning that she has been off any antibiotic 
medication for the past 15 months, although her 
bile cultu-es still show K/edstella and E. coli as 
constant contaminants. 


Case ri. B.S. This 39 year old female had 
cholecystectomy and exploration of the com- 
mon duc- elsewhere in 1955. When the T-tube 
was remcved the common duct happened to be 
torn necessitating repair. Two years later she 
underwent a hepatoduodenostomy to relieve 
obstructive jaundice. Ever since this surgical 
reconstruction she has been having intermit- 
tent jaundice and epigastric and back pain. 
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Fic. 2. Case 11. (4) Percutaneous transhepatic cholangiogram obtained October 7, 1971, shows an incom- 
pletely filled intrahepatic biliary system. The metal clips along the left side of L-1 vertebra indicate the 
site of the hepatojejunal anastomosis between the left inferior biliary segment and the Roux-en-Y jejunal 
anastomosis. A long portion of the duct is occluded in front of the anastomosis. (B) Cholangiogram on 
September 17, 1972, following injection through TBD catheter. Although several residual “stones” were 
still present (arrows), daily irrigations during the last 3 weeks apparently helped to open up many of the 
biliary tributaries, including the one which leads to the anastomosis with the jejunum. (C) Cholangiogram 
obtained after injection of contrast medium through the TBD tube which was advanced from the right 
to the left main duct, then through the left inferior segment and via the stenotic anastomosis into the 


efferent loop of the Roux-en-Y connection. 


During the last year her condition was aggra- 
vated. She lost 22 pounds and developed a pain- 
ful, enlarged liver as well as incessant gnawing 
pruritus and lower extremity pustules, requir- 
ing repeated and extended hospitalizations in 
other hospitals. She was admitted to Ohio State 
University Hospitals on January 29, 1973. Two 
days later a TBD tube was placed into the 


right hepatic duct across the stenotic hepatodu- 
odenal anastomosis. The major biliary ducts 
were filled with numerous stones forming a solid 
cast (Fig. 34). Her pruritus was completely re- 
lieved in 4 days. Her condition further im- 
proved and 5 months later, after repeated irri- 


gations, a smaller number of stones and ade- 
quate drainage were demonstrated on cholangi- 
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Fic. 3. Case 111. (4) Cholangiogram obtained February 7, 1973, through the TBD tube placed into the right 


hepatic duct. The numerous stones from a cast-like mass which distends both right and left hepatic ducts 
and obstructs the hepatoduodenal anastomosis. (B) Follow-u> angiogram $ months later. The TBD 
tube now is placed across the anastomosis into the duodenur-. The volume and number of the stones 
have appreciably decreased after $ months of daily irrigation. (C) Follow-up cholangiogram after 7 
months. Most of the stones have disappeared, the ducts in the !2ft lobe have reopened. 


ogram (Fig. 3B). During this period she has 
gained 24 pounds and serum levels of SGOT, 
SGPT and bilirubin returned to normal. How- 
ever the alkaline phosphatase responded only 
moderately from 21.5 to 17 U/1oo ml. The 
markedly enlarged liver that previously reached 
the iliac crest, now has normal size and her last 
follow-up cholangiogram demonstrated dra- 
matic improvements. Most of her intrahepatic 
stones have disappeared, the left lobar duct 
reopened and all the ducts became less dis- 
tended. Instead of extensive pain killing medi- 
cation of 200 mg. of demerol daily and large 
doses of tranquilizers, she now takes only oc- 
casional aspirin tablets. No surgical reconstruc- 


tion is expected unless the rest of the intra- 
hepatic scones will not be dissolved by internal 
irrigation. 


Case ty. D.K. This 51 year old male had 
cholecystectomy and common duct exploration 
in 1965; | year later he had delayed removal of 
the T-tube. Subsequent recurrent attacks of 
cholangiss during the next 5 years prompted a 
re-exploration of the common duct. Stenosis of 
the duct and a duodenal biliary fistula were 
identifiec and repaired by establishing an he- 
patoduoc2nal anastomosis. The patient did 
well until 8 months ago, when he suffered oc- 
casional attacks of cholangitis, lasting for 2 or 
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3 days. They gradually increased in frequency 
to approximately one attack every other week. 
During these periods he had lower extremity 
myalgia, spiking fever, jaundice and clay-color 
stools. 

After admission to Ohio State University 
Hospitals on August 8, 1973 his temperature was 
elevated to 100°F., hemoglobin was 14.4 gm. 
per cent, white blood cell count 9,500 mm.?, 
prothrombin time 100 per cent, total serum 
bilirubin 3.2 mg./100 ml., alkaline phosphatase 
16.2 units, SGOT 98 and SGPT 126. 

Obstruction of the proximal hepatic duct was 
demonstrated on the cholangiogram of August 
14, 1973. A TBD catheter was positioned just 
proximal to the stenosis (Fig. 4/7), and then 


Fic. 4. Case 1v. (4) Transhepatic cholangiogram 
obtained on August 14, 1973, with stenotic 
hepatoduodenal anastomosis. Notice the irregu- 
lar contour of the anastomosis and the multiple 
defects (arrows). (B) TBD tube across the 
anastomosis. The tight anastomosis barely per- 
mits the passage of a No. 7 teflon tube into the 
duodenum (straight arrows). (C) Cholangiogram 
15 days later. Injection of the right hepatic duct 
shows a patent common hepatic duct and the 
anastomosis (straight arrow). The curved arrow 
points to reopened left lobar duct. 


advanced across the stenosis into the duodenum 
(Fig. 4B). During the next 6 days he had daily 
irrigation which resulted in removal of more 
than 400 ml. of sterile, under microscope 
amorphous appearing, suppurative material. An 
apparent subhepatic abscess which seemingly 
communicated through a fistulous tract with 
the anastomosis was readily drained through 
the indwelling TBD tube. 

During the same 6 days this patient had tem- 
perature elevations to 103°F. and some pain in 
his back and right shoulder. The latter was 
probably caused by the leakage of small 
amounts of infected bile along the inserted TBD 
tube into retroperitoneal area toward the dia- 


phragm (Fig. 48). 
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His bile cultures from the beginning showed 
contamination with K/edsie//a organism. He re- 
sponded well to antibiotic therapy (Gantamycin 
200 mg. q.d.); his fever, shoulder pain and his 
back pain all disappeared in 6 days. The cathe- 
ter was then withdrawn and positioned prox- 
imal to the stenosis. It drained clear bile to the 
outside. The external biliary drainage stopped 
completely on August 29, 1973. A cholangio- 
gram was obtained through the TBD under 
direct television-controlled monitor. It showed 
prompt and free flow of the contrast medium 
through the hepatoduodenal anastomosis (Fig. 
4C). Evidently the drainage of the old sterile 
abscess relieved the compression on the duct 
permitting flow of bile into the duodenum. In 
addition the irrigation also helped to clear out 
the interhepatic ducts. The No. 7 drainage 
catheter was replaced with a No. 5 catheter and 
even that was removed on September 1, 1973. 

Following removal of the catheter there was 
no bile discharge through the transhepatic duct. 
The entrance site healed in 3 days and the pa- 
tient was discharged having no symptoms. 
Laboratory studies showed normal serum bili- 
rubin, alkaline phosphatase 4.7 units and nor- 
mal SGOT and SGPT enzyme values. On Sep- 
tember 24, 1973 the patient was free of symp- 
toms and returned to normal activity. 


MATERIAL, SELECTION OF PATIENTS 


Five male and 6 female patients were 
treated for obstructive jaundice with de- 
compression. Six had benign recurrent 
stricture of the biliary system; malignant 
tumor was responsible for the jaundice in 5. 
Table 1 summarizes the clinical information 
on these 11 patients. 

All of these surgical patients were pri- 
marily referred to us for visualization of the 
biliary structures by percutaneous cholan- 
giography. In 2 patients with benign stric- 
ture the transhepatic drainage tube was 
inserted to improve the patients' conditions 
prior to the contemplated surgical repair 
(Case 1 and vi). In the remainder of the 
patients, the condition of the biliary system 
at the time of cholangiography was thought 
to preclude further surgical intervention 
for the immediate or foreseeable future. 

The indications to treat benign strictures 


by this method are listed in Table 11. The 
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first indication applied to patients who 
represert high surgical risks because of 
their high serum bilirubin content and im- 
paired liver function. The biliary drainage 
is maintained only for a temporary period 
of 2 to 4 weeks in preparation for corrective 
biliary surgery. During this period the 
serum bilirubin level can markedly be re- 
duced, he intrahepatic ducts freed of the 
obstructing debris and soft “‘pseudo-stones”’ 
by daily irrigations. Free low through the 
opened intrahepatic ducts should be as- 
sured poor to repeated biliary reconstruc- 
tive surzery. 

The procedure is most rewarding for the 
unfortunate patients falling into the second 
group. These patients are all beyond the 
reach o` surgical reconstruction either be- 
cause the very last available segment has 
been utilized for the anastomosis and has 





Fic. $. Case v. Cholangiogram and placement of 
TBD tzbe in a 26 year old female, who had 2 
years prior to this study a choledochoduodenal 
anastomosis to relieve her obstructive jaundice 
caused by sclerosing cholangitis. The over-all 
narrow ducts have irregular contour and short 


partially obstructed segments. The common 
hepatic duct is almost completely occluded. The 
numerous scattered minute defects represent bile 
debris. The angiographic findings correlated 
exactly with the findings at autopsy obtained 4 
days later. 
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TABLE Í 


PATIENTS UNDERGOING TRANSHEPATIC BILIARY DECOMPRESSION (TBD) 


Changes in 


























Case Age Sex Site of Stenosis Pruritus Bilirubin phis ade of Clinical Remarks 
Drainage Results 
(mg./ 100 ml.) 
A. Berign Postoperative Strictures 
he 23 F HD and Lt. HD — 22.4—11.4 3 weeks Excellent Relieved of hepatic 
Y. 21 days encephalopathy 
II. 46 F Occluded CD jejunal ++++  Á 8.41.4 Since Excellent Returned to normal 
TR: anastomosis 26 days June 1972 activity 
IIT. 39 F HD-duodenal anastomosis 4-—4—- 3.81.2 Since Good Many intrahepatic 
B.S. 12 days February 1973 stones 
IV. ŞI M HD-duodenal anastomosis —— ——  3.2—>I.2 22 days Excellent, ste- Old abscess drained 
D.K. 22 days nosis reopened 
V. 26 F  Sclerosing ducts +++ 32.8 4 days Poor, hepatic Died—renal failure; 
E.S. coma persisted septicemia 
VI. 48 F  CD-duodenal anastomosis +— 6 1 day Tube fell out — HD-jejunal anastomosis 
C.M. by accident I day later 
B. Malignant Obstructive Lesions 
eee ee ee en i SMNMMMM M ——————— p osasconasci c 
VII. 64 M Biliary Ca Rt. HD +++-+ 11.5-7.2 63 days Good Drained only right HD; 
G.S. intrahepatic $6 days external died—uremia 
VIII. 33 M Ca pancreas CD ++++ o 3.81.4 22days Fair Drainage discontinued, 
T.Th. *4 days due to hemobilia 
las ee ee MÀ M 
IX. 52 M Ca pancreas CD —— —— I3—11.4 21 days Poor Died—hepatorenal 
Lo» internal failure 
i Rte ee ine nanan ee 
X. 75 F Ca pancreas CD +++ 16.2-9.3  12days Poor Has removed tube, died 
B.G. internal in hepatic coma 
external 
XI. 80 M Ca colon HD ++++ 21.816 15 days Good Symptoms relieved, 
M.D. metastasis to $ days internal died at home 


porta hepatis 





Abbreviations: Carcinoma (Ca); Common duct (CD) Hepatic duct (HD); Left (Lt.); Right (Rt.). 


subsequently become obstructed (Case r1) 
or other considerations such as excessive 
high risk factor. 

The multiple intrahepatic biliary stones 
usually cannot be removed at surgery? 
This method permitted direct irrigation 
through the tube utilizing normal saline, 


TABLE II 


INDICATIONS FOR TBD IN BENIGN STRICTURES 


I. Postoperative biliary duct strictu-e 
with complications 

2. Restenosed hepatoduodenal or jejunal 
anastomosis 

3. Obstruction and intrahepatic "stones" 


heparin or bile salt solutions which resulted 
in dissolution of many large solid stones in 
1 of our patients (Case 111). 

The indications for the procedure in ma- 
lignant disease are listed in Table 111. Natu- 
rally the procedure in this group of patients 
is strictly palliative (Fig. 7, 7 and B; and 
8). Good renal function is a prerequisite in 
this group of patients. All of these tumors 
were not amenable to surgery because they 
were either recurrent, involved multiple 
organs or had a deep seated location within 
the liver. Most of these patients were ready 
to accept jaundice for a long time and only 
the incessant pruritus and the progressive 
malaise associated with the impaired liver 


364 


Tase III 


INDICATIONS FOR TBD IN MALIGNANT TUMORS 








1. Intrahepatic Obstruction 
A. Primary biliary tumors 
B. Single hepatic metastasis 
2. Extrahepatic Obstruction 
A. Recurrent primary biliary tumor 
B. Recurrent pancreatic tumor 
C. Single porta hepatis metastasis 








function forced them to seek medical relief. 
A successfully introduced drainage tube 
usually results in relief of malaise and 
pruritus in a few days and the rapidly im- 
proving liver profile atests to the value of 
the method. The patient 1s sent home usu- 
ally within 1o days with the tube in place 
and will be instructed in daily irrigations. 


CONTRAINDICATIONS TO TBD 


Hepatorenal failure rules out intrahe- 
patic positioning of a tube for either ex- 
ternal or internal drainage in patients with 
malignant obstruction. Normal renal func- 
tion is an essential prerequisite in this 
group. If renal dialysis is available, it 
should be initiated before placement of 
TBD tube in patients with hepatorenal 
failure, in whom the biliary obstruction is 
due to benign stricture. Antibiotic coverage 
before and after the procedure is manda- 
tory in patients with pending or existing 
renal failure. In our experience septicemia 
is the most common and tragic complica- 
tion in this group. 

A significant delay in clotting mecha- 
nisms should be corrected before trans- 
hepatic insertion of the drainage tube. 

Sclerosing cholangitis, a poorly under- 
stood disease of unknown etiology, causes 
multiple obstructions within the biliary 
system without dilatation of the ducts 
(Case v; Fig. 5). The value of this treat- 
ment is questionable, at least in this condi- 
tion in view of the numerous obstructions 
within the biliary system these patients 
have on the cholangiogram and also at 
autopsy. Unfortunately our patient came 
to us in hepatic coma and she quickly de- 
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veloped uremia, septicemia and profuse 
bleeding before she expired on the fourth 
day of treatment with TBD. 


COMPLICATIONS 


Most of the patients had fever for a 
couple c? days running up to 102° F. follow- 
ing the cholangiography and placement of 
the cat-eter. The temperature elevation 
can reac ly be explained first on the basis of 
temporz-y bacteremia caused by the back- 
flow of the infected bile into the liver 
sinusoids with consequent bacteremia. The 
other possible reason is the occasional es- 
cape of bile along the inserted catheter into 
the retroperitoneal space. None of our pa- 
tients developed bile peritonitis or re- 
quired “backup surgery" following place- 
ment of -he catheter. The patient should be 
premedicated with antibiotics beginning 
the night before the intended procedure 
(Ampicillin 500 mg. for 24 hours). The se- 
lection of the proper antibiotic agent for 
the pos TBD treatment depends on the 
sensitivi-y studies of the organisms found 
in the bile culture. It is interesting to note 
that the percutaneously inserted TBD tube 
can safely be maintained within the intra- 
hepatic biliary system and across the he- 
patojejuaal anastomosis for many months 
without internal medication or antibiotic 
therapy (Case 1 and 111). These patients 
had no antibiotic medication for the last 
15 and 6 months, respectively. 

Hemobdilia requiring transfusions was the 
second most common complication; it oc- 
curred in 2 patients (Case r1 and vri). The 
catheter may pass through the lumen of a 
portal vein branch before it enters into a 
major bile duct. If a communication is es- 
tablished between these 2 structures, pro- 
fuse bleeding may occur, which may not be 
controlled without relocating the course of 
the catheter. At least it must be assured 
that no communicating side holes of the 
TBD tube are left in the vicinity of a he- 
patic blood vessel. The proper position 
should be tested using injection of contrast 
materia. through the TBD catheter under 
direct television monitored fluoroscopy and 
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Fic. 6. Case vit. (4) Transhepatic cholangiogram in a 33 year old male who had choledochoduodenostomy 
21 years prior to this study to relieve the obstructive jaundice caused by pancreatic carcinoma. There 
is complete obstruction of the distal common duct by the tumor. (B) TBD tube is advanced through the 
common duct into the second and third oortion of the duodenum. The tumor invades the third and 
second part of the duodenum. The arrows point to the early second portion of the duodenal loop. 


on serial films. No intrahepatic blood vessel 
should be opacified during the test injec- 
tion. 

Incidental or intentional removal of the 
tube occurred in 2 patients (Case 17 and 


vil) requiring 2 separate reinsertions in a 
comatose patient (Case vi; Fig. 6, 4 
and B) with proven pancreatic carcinoma. 
The proper position of the tube, once it 1s 
established, is assured by maintaining a 





Fic. 7. Case x. (4 and B) Cholangiograms in < 75 year old female with obstructive jaundice due to pancreatic 
carcinoma which obstructs the common duc-. The distal tip of the tube is beyond the site of obstruction. 
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Fic. 8. Case x1. Cholangiogram obtained after injec- 
tion through the TBD tube which is advanced 
through the right hepatic duct into the common 
hepatic duct. The metastatic tumor, located in the 
porta hepatis, obstructed the right and the left 


hepatic ducts. The left hepatic duct is still oc- 
cluded; however, the right hepatic duct drains 
freely through the tube which is passing through 
the obstructed segment (arrow). 


tight relationship between the skin at the 
site of insertion and a flat rubber collar 
which holds the tube in position. 


DISCUSSION 


Surgical or conservative therapy of a 
stricture of the common, right or left he- 
patic ducts, especially if it is located high in 
the porta hepatis, represents a difficult, 
occasionally insurmountable problem. Un- 
'less the obstruction is relieved and free 
biliary flow is established it will result in 
death. Surgical repair is associated with an 
appreciable mortality and morbidity. The 
repair of unselected biliary strictures may 
result in 13 per cent surgical mortality and 
25 per cent major complications. An un- 
satisfactory or bad result was reported to 
be as low as 25 per cent after the initial re- 
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pair; the rate of failure increases to 35 per 
cent, if all of the needed follow-up recon- 
structiors are included? After each failure, 
the accessible biliary segment: becomes 
shorter with more fibrosis around it. This 
leads to increased technical difficulties, all 
of whick result in a progressively higher 
failure rate after each succeeding pro- 
cedure. 

Surgical insertion. of various internal 
stents into the anastomosis to maintain 
adequate lumen and bile flow has long been 
advocated as highly beneficial for 6 to 12 
months after surgical repair of a stricture. 
Straight. T shaped and various Y formed 
tubes made of rubber or silicone have been 
inserted during surgery, assuming open 
drainage through the abdominal wall. 
Surgical insertion of transhepatic straight or 
Y shaped rubber tube, assuring transhepatic 
external drainage in high subhepatic or in- 
trahepatic strictures was also recommended 
before and used successfully? The treat- 
ment of TBD described here is intended to 
assure adequate biliary drainage through a 
teflon tube, which is inserted through the 
anastomosis without laparotomy. It is not a 
diagnost c technique, but rather a thera- 
peutic approach to relieve the jaundice and 
pruritus, while permitting the liver to re- 
cuperate. The amount of bile mud, debris 
and the stones can and must be removed by 
irrigations (Case 11). The long standing 
daily irrigations and medication of the in- 
trahepat c ducts through the TBD tube are 
the only alternative to increasing jaundice, 
which eventually leads to hepatic failure 


and death. 
SUMMARY 


The prognosis, following multiple un- 
successful surgical reconstructions of an 
obstructed biliary system, used to be very 
disappointing, because of the recurrent 
hepatitis, increasing Jaundice and hepatic 
failure, which led to eventual coma and 
subsequent death. 

Percutaneous transhepatic decompres- 
sion of the biliary system, a new thera- 
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peutic method, may provide a lasting solu- 
tion or at least temporary relief of the 
misery of the patient and improve upon the 
failing condition of the liver. 

In patients having malignant obstruc- 
tive lesions this therapeutic method has 
very limited value. 

Under benign conditions TBD may offer 
the only life saving treatment with such a 
satisfactory clinical recovery that patients 
prefer the inconvenience of an indwelling 
tube to another surgical repair.* 


* Since submitting this paper, the longstanding drainage tubes 
in Case 11 and Case 111 were removed on June 20, 1574, and 
April 30, 1974, respectively. All stones in Case 1 hare disap- 
peared. Both of these patients remain free of biliary srmptoms 
as of August 10, 1974. 
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RECURRENT PYOGENIC CHOLANGITIS IN 
CHINESE IMMIGRANTS* 


By C. S. HO, M.B.B.S., F.R.C.P. (C),t and D. E. WESSON, M.D.t 


TORONTO, ONTARIO, CANADA 


ECURRENT pyogenic cholangitis, 
also known as cholangiohepatitis, ori- 
ental cholangiohepatitis, and Hong Kong 
disease, is prevalent in South East Asia. 
In Hong Kong after acute appendicitis 
and perforated peptic ulcer, it is the third 
most common cause of an acute abdomen 
in Chinese people requiring emergency ad- 
mission. The disease is occasionally seen in 
North America and we have encountered it 
in § Chinese immigrants over the past 3 
years. In 2 patients it was diagnosed pre- 
operatively on the basis of cholangio- 
graphic findings. 


REPORT OF CASES 


Case 1. S.C.L. A 41 year old man presented 
with acute right upper quadrant pain. He had 
had similar pain in the past and had had a 
cholecystectomy and exploration of the com- 
mon bile duct 2 years previously. On admission, 
he had scleral icterus and a temperature of 
38°C. Abdominal examination revealed right 
upper quadrant tenderness, but no palpable 
organs or masses. Pertinent laboratory findings 
were: hemoglobin 15.1 gm. per cent; white 
blood cell count (WBC) 12,300 per cu. mm.; 
bilirubin 5.9 mg. per cent; alkaline phosphatase 
180 I.U. (15-80);* SGOT 151 I.U. (1-36); and 
serum amylase 55 S.U. (40-170). 

The intravenous cholangiogram (Fig. 1,7) 
and the T-tube cholangiogram (Fig. 18) ob- 
tained after his cholecystectomy 2 years previ- 
ously were reviewed. The abnormalities in the 
biliary tree were recognized as those of recur- 
rent pyogenic cholangitis. 

At operation the common bile duct was 
dilated to 3 cm. in diameter. It contained many 
large soft stones up to 2.5 cm. in diameter. Open 
liver biopsy showed the intermediate and large 
portal tracts to be notably widened and promi- 
nent in contrast to the terminal triads which 
were small and often difficult to find. In the 


* Normal range given in brackets. These vary slightly as the 
laboratory standards changed during the period of study. 


widened portal tracts, the fibrosis was pre- 
dominantly periductal and was accompanied 
by a chronic inflammatory cell infiltrate (Fig. 
1, C and D). The hepatic parenchyma was 
normal including the terminal liver cell plates. 
An end-to-side choledochoduodenostomy was 
performed. 


Case 1-. F.T.W. A 69 year old woman had 
had a cholecystostomy 40 years ago and had 
been troubled with recurrent bouts of epigastric 
pain since. On admission she was afebrile and 
clinically anicteric. She had right upper quad- 
rant abdominal tenderness, but no palpable 
organs or masses. Laboratory work-up revealed 
hemoglobin 12.6 gm. per cent; WBC 11,600 per 
cu. mm.; bilirubin 3.7 mg. per cent; alkaline 
phosphatase roo I.U. (15-50); SGOT 53 I.U. 
(1-36); and serum amylase 65 S.U. (48-120). 

Intravenous cholangiogram (Fig. 24) showed 
a markedly dilated common bile duct and 
stones in the common hepatic and common bile 
ducts. A preoperative diagnosis of recurrent 
pyogenic cholangitis was made and confirmed 
by operative cholangiography (Fig. 25). 

At ope-ation, she was found to have chole- 
docholith asis and a markedly dilated common 
bile duct. Cultures of bile grew Æ. coli. Chole- 
cystectomy and side-to-side choledochoduo- 
denostomy were performed. 


Case 10. M.C. A 67 year old woman had had 
attacks of severe epigastric pain radiating to 
her back for many years. On admission, she 
was clinically jaundiced and had a fever of 
38.2?C. Abdominal examination revealed right 
upper quadrant tenderness with involuntary 
guarding and a palpable liver edge 2 finger- 
breadths below the costal margin. Laboratory 
values were: hemoglobin 11.2 gm. per cent; 
WBC 23,900 per cu. mm.: bilirubin 7.6 mg. 
per cent; alkaline phosphatase 100 I.U. (15-50); 
SGOT 200 I.U. (1-36); and serum amylase 160 
S.U. (40-170). 

At operation the common bile duct was found 
to contain biliary sludge mixed with foul, 


* From the Departments of Radiology,t and Surgery,f Toronto General Hosp:-al, Toronto, Ontario, Canada. 


368 


VoL. 122, No. 2 


Recurrent Pyogenic Cholangitis in Chinese Immigrants 


se B 





Fic. 1. Case 1. (4) Intravenous cholangiogram shows dilated common bile duct and common hepatic duct. 
A large radiolucent stone (arrow) is demonstrated in the latter. (B) T-tube cholangiogram. The common 
bile duct and intrahepatic duct (lower arrow) are dilated. The upper arrow shows moderately dilated bile 
duct with short branches arising at right angles to the duct. 


murky bile, cultures of which grew Æ. cofi. The 
gallbladder was small and fibrotic. A chclecyst- 
ectomy was performed and the bile duct was 
explored and irrigated. T-tube drainage was 
maintained for 6 weeks. Operative and I-tube 
cholangiograms (Fig. 3, 4 and B) revealed 
changes of recurrent pyogenic cholangitis. 


Case 1v. Y.W. A 55 year old women pre- 
sented with epigastric pain radiating irto her 
back. A cholecystectomy had been done 12 
years previously. Shortly before admiss:on she 
developed fever and chills and on admission her 
temperature was 39.7°C. She was clinically 
jaundiced. Abdominal examination was unre- 


markable. Her laboratory investigations re- 
vealed a hemoglobin of 8.4 gm. per cent, and 
WBC of 6,600 subsequently rising to 18,900 per 
cu. mm. Her bilirubin rose to 3.1 mg. per cent. 
Other values were: alkaline phosphatase 435 
[.U. (15-50); SGOT 164 I.U. (1-36); and serum 
amylase 2,600 S.U. (40-170). Repeated blood 
cultures were negative. Ova of Clonorchis 
sinensis were present in her stools. 

Exploration and T-tube drainage of the com- 
mon bile duct were performed. At operation, 
her common bile duct was found to be full of 
inspissated mucoid material. T-tube cholangi- 
ograms (Fig. 4) revealed an abnormal biliary 
tree with changes typical of recurrent pyogenic 
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portal region of liver. The 
portal area is widened by fibrosis and is sharply 
demarcated from the parenchyma. The fibrosis is 
predominantly periductal and is accompanied by 
an inflammatory cell infiltrate. The parenchymal 
liver cells are normal. (Hematoxylin and Eosin, 
X210.) (D) Higher magnification of a portion 
shows periductal edema and concentric fibrosis. 
The inflammatory cells are predominantly lympho- 
cytes and plasma cells. The terminal hepatic plate 
is intact. (Hematoxylin and Eosin, X450.) 


cholangitis. Liver biopsy showed acute puru- 
lent cholangitis. 


Case v. Y.G. An 84 year old man presented 
with vomiting and right upper quadrant pain. 
He had a history of recurrent pancreatitis. He 
was anicteric. There was right upper quadrant 
tenderness with guarding and the liver edge 
was palpable 2 cm. below the costal margin. 
Twenty-four hours after admission he developed 
shaking chills and his temperature rose to 
39.8?C. Laboratory values at that time were: 
hemoglobin 13.7 gm. per cent; WBC 14,100 per 
cu. mm.; bilirubin 4.0 mg. per cent; alkaline 


C. S. Ho and D. E. Wesson 


OCTOBER, 1974 


phosphatase 150 I.U. (15-50); SGOT 200 I.U. 
(1-36); and serum amylase 270 S.U. (40-170). 
Blood cultures grew gram negative bacilli. 

At operation, the gallbladder contained many 
stones and frank pus. The head of the pancreas 
was indurated. Cholangiograms revealed an 
abnormal biliary tree. A cholecystostomy was 
performec. Three months later the gallbladder 
was remcved and the T-tube cholangiogram 
(Fig. 5) revealed mild changes of recurrent 
pyrogenic cholangitis. 


DISCUSSION 
CLINICAL FEATURES AND LABORATORY FINDINGS 


The disease usually occurs in young 
adults, 32-40 years of age. Males and fe- 
males are affected equally. Both the age 
and sex incidence contrast to the usual 
gallbladder disease which occurs more 
commonly in older people and females. 
Clinically, the disease is characterized by 
recurrent attacks of right upper quadrant 
pain, fever, chills and jaundice. Each epi- 
sode may last several days and then subside 
gradually. However, the initial attack or 
any subsequent attacks may produce se- 
vere septicemia and obstructive jaundice 
requiring immediate surgical drainage of 
the common bile duct. Physical examina- 
tion reveals tenderness and rigidity in the 
right upper quadrant. The liver is enlarged 
in about 60 per cent and the spleen is pal- 
pable in about 25 per cent of patients.? 

Our patients presented at a later age 
than is usual in this disease (4 were over 
55). This 1s probably because milder cases 
present later, and patients more severely 
affected are unlikely to emigrate. In addi- 
tion, diagnosis was delayed in Cases 111, 
IV, and v due to our previous unfamiliarity 
with the disease. 

The laboratory findings reflect the clin- 
ical features of sepsis and obstructive 
jaundice. Leukocytosis is usually present. 
Serum bilirubin and alkaline phosphatase 
are both elevated. Other liver function 
tests are usuallv normal. Cultures of bile 
obtained at operation show Æ. coli infection 
in most patients. 

Roentgenologic findings before operation 
are usually unrevealing. Occasionally, air 
is seen in the biliary tract because of 
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Fic. 2. Case 11. (4) Intravenous cholangiogram shows a dilated common bile duct with 2 radiolucent stones, 
one in the common hepatic duct and the other in the common bile duct (arrows). (B) Operative cholangio- 
gram shows markedly dilated intra- and extrahepatic ducts. Note the typical “arrowhead” sign (short 


arrow) and the stricture (long arrow). 


fistula formation or an incompetent sphinc- 
ter. Oral cholecystography shows either 
poor function or nonvisualization cf the 
gallbladder because of the elevated serum 
bilirubin. Intravenous  cholangiog-aphy 
sometimes shows a dilated common bile 
duct with radiolucent stones. Operative 
and T-tube cholangiograms are character- 
istic? and are described below. 


FINDINGS AT OPERATION 


At operation the liver is invariably en- 
larged and congested. Liver biopsy shows 
distinct features. There is a marked in- 
crease in fibrous tissues around the portal 
tracts, especially around the bile ducts. [n- 
filtration by inflammatory cells is seen in 
the portal tracts and the adjacent liver 
parenchyma. The gallbladder may be en- 
larged and may show chronic inflammatory 
changes. Stones in the gallbladder are seen 


in 15-20 per cent of patients. The common 
bile duct is usually dilated. Gross dilatation 
up to 10 cm. has been reported. The walls 
are usually thickened by fibrosis, but occa- 
sionally are thin and elastic. Stones are 
usually present and may be found in any 
part of the biliary tract. 


PATHOGENESIS 


The exact pathogenesis of the disease is 
uncertain, although most authors agree 
that stones are formed primarily in the 
bile ducts. Stock and Fung? believe that 
Clonorchis sinensis infestation 1s the pri- 
mary cause, resulting in stone formation, 
biliary obstruction, stasis and infection. 
Ong et a/.4 on the other hand believe that 
the primary cause is portal septicemia re- 
sulting from poor eating habits, and that 
Clonorchis sinensis need not be present in 
all cases of recurrent pyogenic cholangitis. 


372 C. S. Ho and D. E. Wesson OcTOBER, 1974 





Fic. 3 Case m1. (4) Operative cholangiogram. (B) T-tube cholangiogram. Note that only a few grossly 
dilated intrahepatic radicals are present. The proximal part ef the left hepatic duct is obstructed by a 
radiolucent stone. 





Kc. 4. Case 1v. T-tube cholangiogram. Note the 43 
lack of branching in the right intrahepatic ducts Fic. 5. Case v. T-tube cholangiogram. A dilated 
and the appearance of stretching of these ducts. commor bile duct and mild dilatation of 2 intra- 
The left intrahepatic ducts are relatively normal. hepatic »ranches are noted (arrows). 
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CHOLANGIOGRAPHIC FINDINGS 


Although characteristic, the roentgeno- 
logic manifestations of this disease have 
been neglected in the literature until 
recently.® 

Typical findings include: 

1. Decrease in arborization of ntra- 
hepatic radicals (Fig. 12; 2B; 3, 4 aad B; 
and 4/1). 

2. Abnormal branching pattern. The 
normal branching angles are distorted and 
may be at right or obtuse angles (Fig 15). 
In some cases (Fig. 4/7) the branches ap- 
pear to be stretched. 

3. Asymmetric changes in the bile ducts. 
In the same cholangiogram, some ntra- 
hepatic ducts may be dilated throughout, 
while others may show proximal dilatation 
with rapid tapering towards the periphery. 
This latter appearance is not unlike that 
of an arrowhead (arrow in Fig. 28) and we 
refer to this as the “‘arrowhead sign." 

4. Radiolucent stones are usually pres- 
ent. They may be situated anywhere n the 
biliary tree (Fig. 14; 24; and 3, 4 ard B). 

c. A dilated common bile duct is usually 
present. It may measure 3-4 cm. :n di- 
ameter. 

The decrease in the number of intra- 
hepatic radicals is probably due to fibrosis 
in the portal tracts and the abnormal 
branching patterns to scarring in the liver. 
The asymmetric dilatations and strictures 
are a reflection of chronic inflammatory 
changes in the intrahepatic bile ducts with 
or without obstruction. As the degree of 
obstruction and inflammation varies in 
different parts of the liver, the chanzes in 
the bile ducts differ accordingly. 


DIFFERENTIAL DIAGNOSIS 


Although the cholangiographic changes 
in recurrent pyogenic cholangitis are quite 
characteristic, the following cond:tions, 
which produce changes similar in some re- 
spects, must be considered in differential 
diagnosis: 

I. Extrahepatic obstruction. The hallmark 
of uncomplicated extrahepatic obstruction 
is generalized dilatation of the entire bil- 


Recurrent Pyogenic Cholangitis in Chinese Immigrants 


373 


iary tree. The full complement of intra- 
hepatic bile ducts is shown in an operative 
cholangiogram. Changes of cholangitis may 
be present, but never to the same degree as 
in recurrent pyogenic cholangitis, where 
repeated attacks over a long period of time 
are the rule. 

2. Sclerosing cholangitis This is a dis- 
ease of unknown etiology associated with 
submucosal inflammation of portions of the 
bilt ducts and characterized by fibrosis 
and stenosis of these regions. Clinically, 
the patient presents with either intermit- 
tent or progressive Jaundice. Many patients 
also have chronic ulcerative colitis. The 
condition is usually first diagnosed at 
operation when the common bile duct feels 
like a thickened cord. Operative or post- 
operative cholangiography shows the ex- 
tent of the disease. A characteristic finding 
is decreased arborization of intrahepatic bile 
ducts as in recurrent pyogenic cholangitis. 
However, there is a lack of dilatation 
proximal to the strictured areas and the 
common bile duct may also have strictures. 
Both these features distinguish the condi- 
tion from the Asiatic disease. 

3. Caroli’s disease. This 1s a develop- 
mental anomaly in which there is segmental 
saccular dilatation of the intrahepatic bile 
ducts. This results in stasis, cholangitis, 
liver abscess and stone formation. The 
clinical picture 1s similar to recurrent pyo- 
genic cholangitis, but it occurs in a younger 
age group. It also carries a much poorer 
prognosis. Most patients die at an early 
age as the disease is not amenable to any 
form of satisfactory treatment. The chol- 
angiographic finding? of dilated saccules in 
intrahepatic bile ducts establishes the 
diagnosis. 


MANAGEMENT 


In the western hemisphere, the majority 
of common bile duct stones originate in the 
gallbladder, only a few forming primarily 
in the ducts? The surgical treatment in- 
volves exploration of the common bile 
duct and extraction of the stones. Seldom 
is a major surgical procedure for internal 
drainage required. 
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In recurrent pyogenic cholangitis, re- 
peated attacks are the rule and recurrent 
formation of stones in the ducts is the 
main problem. Those who fail to respond 
to conservative treatment usually require 
a permanent, adequate drainage procedure; 
e.g., choledochoduodenostomy, choledocho- 
jejunostomy or sphincteroplasty.?? This is 
best done at the first operation, but if the 
patient's condition 1s too poor for a major 
procedure, cholecystostomy or ‘T-tube 
drainage can be performed, and elective, 
definitive, surgical drainage postponed 
until later. 


CONCLUSIONS AND SUMMARY 


Recurrent pyogenic cholangitis is a 
common disease in the Far East, and is oc- 
casionally seen in Asian immigrants in 
North America. 

Five such patients are reported. 

Knowledge of the characteristic chol- 
angiographic appearances will enable the 
radiologist to make this diagnosis and alert 
the clinician to the recommended mode of 
management. 


C: 95. Ho, M.B.B.S. 
Department of Radiology 
Toronto General Hospital 
Toronto, Ontario 
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EXPERIENCE WITH ENDOSCOPIC RETROGRADE 
PANCREATICOGRAPHY* 


By H. ANACKER, M.D., H.-D. WEISS, M.D., B. KRAMANN, M.D,, and N. RUPP, M.D. 


MÜNCHEN, GERMANY 


AC introduction of retrograde endo- 
scopic pancreaticography by O1 e a/."° 
and Tagaki e£ al.” in 1970, the examiration 
was quickly accepted for the differential 
diagnosis of pancreatic diseases. 

Since the beginning of 1971, we have per- 
formed 650 examinations and wish to pre- 
sent a report of our experience. The tech- 
nique used was similar to that of O1 ež a/.,' 
Demling and Classen? and, in 1972, Weiss 
and co-workers.” 


COMPLICATIONS 


There are few reports of complications in 
the literature: Gaucher eż 47.,? Stadelmann 
et 4l. ,? and Cotton et a/.? describe perfora- 
tions of the pancreatic duct by carnula- 
tion, with extravasation of the contrast 
medium but no further complications. An 
elevation of the amylase and the l pase, 
correlated to the degree of filling cf the 
duct, is often seen; however, it is relatively 
harmless without other clinical signs. The 
most important complications are: a super- 
vening acute pancreatitis, with severe clin- 
ical findings;?!5 formation of a pseudo- 
cyst;! and, rarely, mortality.'? In 650 
examinations we had 1 mortality after the 
filling of a pseudocyst of the pancreas: 
death occurred 8 days after the procedure. 
An operation had not been performed. 
Cotton ef al.8 reported a similar incident. 

These incidents demonstrate the neces- 
sity of immediate operation after pan- 
creaticographic filling of a necrotic cavity, 
to prevent infection of the cavity by con- 
trast medium. 


NORMAL PANCREATIC DUCT SYSTEM AND 
NORMAL MOTILITY OF THE 
PAPILLA OF VATER 


The anatomy of the pancreatic duct 





Fic. 1. Normal pancreatic duct system with repre- 
sentation of the Wirsung’s duct and numerous 
rami pancreatici. 


system is composed of magistral arboriza- 
tion. Fifteen to thirty equally calibrated 
side ducts, seen only partially during retro- 
grade pancreaticography (Fig. 1), empty 
into the main duct, Wirsung’s duct or the 
duct of Santorini. We use the term “rami 
pancreatici'? to describe these second de- 
gree ducts. Occasionally, one of these ducts 
has a larger caliber within the body of the 
pancreas, and several side ducts may 
empty into this duct. Such a "ramus 
corporis" then drains a somewhat bulging 
parenchymal area (Fig. 2). 

Santorini's duct is visualized only in a 
certain percentage of cases during pan- 
creaticography, as in only 31 per cent does 
it communicate with Wirsung’s duct. It 
is located craniad to Wirsung's duct and 
empties in about 40 per cent of the cases 
through the papilla minor into the duode- 
num. It takes up a larger “ramus capitis," 
draining, with a branching duct system, 
the largest part of the pancreatic head. 
However, in 41 per cent, this "ramus 


* From the Institut für Róntgendiagnostik der Technischen Universität, München, Germany. 
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Fic. 2. Especially large ramus corporis between the 
pancreatic body and the tail, draining a bulging 
pancreatic area. 


capitis" does not empty into the duct of 
Santorini but into Wirsung’s duct. Only 
then can it be visualized during retrograde 
pancreaticography, since the filling pres- 
sure obtained in Santorini’s duct is not 
sufficient to completely fill the duct. For 
the third degree branches we use the term 
"ductuli," and for the branches of these 
ductuli the term “canaliculi.”” The lumen 
of the normal Wirsung duct, measured on 
IOO retrograde pancreaticograms, was, on 
the average, 2-3 mm. with a range between 
I and 6 mm. For different parts of the pan- 
creas, Classen ef al. gave figures of be- 
tween 2 and 7 mm. for the head, between 2 
and 5 mm. for the body, and between 1 and 
2.5 mm. for the tail of the pancreas. Cor- 
responding to the magistral arborization 
type, the lumen of the main duct is almost 
equal in the head and the body. Only in the 
tail of the pancreas does the lumen de- 
crease. There is ectasia of the duct, if the 
lumen increases towards the tail The 
lumen of the common bile duct is normally 
twice as large as that of the pancreatic 
main duct. This comparison is important 
for the diagnosis of different lesions of 
papillary stenosis, as on the one side the 
common duct and on the other side the 
pancreatic duct can be more affected, and 
thus more dilated in the prestenotic seg- 
ment. 

In retrograde pancreaticography it is 
important to know that among the differ- 
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ent variations (papilla major, minor and 
duct systems), the Wirsung duct and the 
common bile duct empty together into the 
duodenum in only 85 per cent. This means 
that in at least 15 per cent, a simultaneous 
filling of the common bile duct and the 
Wirsung duct is impossible. However, 
since the rate of a simultaneous filling of 
both ducts by pancreaticography is usually 
lower, we should look for technical reasons 
related to anatomic structures of the 
papilla. In rare cases a pancreatic duct 
system :s filled from the papilla major, 
draining only the head of the pancreas 
(Fig. 3) (this was noted in 4 of our 650 
examina-ions). It is important to know 
this variation in order to avoid diagnostic 
errors. 

The anatomic structure of the papilla of 
Vater, with a circular muscle at the distal 
end of both common bile and pancreatic 
ducts as well as around the opening of the 
papilla with longitudinal and spiral muscle 
fibers, explains the normal function of the 
sphincte- of Oddi, which can be seen during 
the evacuation of contrast medium from 
both ducts? During contraction of the 
sphincte> muscle, the evacuation of the 
ducts is stopped, “contraction phase” 
(Fig. 4.7). Usually the contraction is 
simultaneous in the common bile and the 
pancreatic ducts; seldom it is alternating. 
During relaxation of the circular muscles, 
there is either a common or a separate 





Fic. 3. Re-rograde filling of a pancreatic duct system 
through the papilla major, draining exclusively the 
pancrea-ic head. No representation of the duct 
system in the body and the tail. 
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Fic. 4. Simultaneous evacuation of the common bile duct and the Wirsung's duct. (4) Contraction phase 
with back-flow of the contrast medium in-o the common bile and the pancreatic duct. (B) Evacuation 
phase with expulsion of contrast medium out of the common bile and pancreatic duct into the duodenum. 
(C) Resting phase with stasis of contrast medium in the common bile and the pancreatic duct. 


evacuation of the different ducts, "evacua- 
tion phase" (Fig. 4B). The evacuaticn and 
the contraction phases last about 1-3 sec- 
onds. The phase in which there is neither 
evacuation nor contraction is the "resting 
phase" (Fig. 4C). 

Evacuation of the whole pancreatic duct 
system, after removal of the catheter 
from the papilla of Vater, takes between 
2 and 7 minutes on the average. 


PAPILLARY STENOSIS AND 
PAPILLARY SPASM 


Corresponding to the anatomic situa- 
tion, the stenosis can involve either the 
common bile and Wirsung's duct, or the 
terminal portion of the common bile duct 
and the terminal portion of the pancreatic 
duct separately, or all 3 together and to a 
different degree. The stenosed duct is 
usually narrowed to fiber size, its oudine is 
irregular or smooth, and its couse is 
tortuous or stretched. The stenosis or the 
stenosed segment is not always visualized 
on roentgenography: in the prestenotic 


segment there is ectasia of the common 
bile duct or the pancreatic duct, or of both 
(Fig. 5). 

Functionally, a delay of up to 15 minutes 
in contrast medium evacuation is seen in 
papillary stenosis. 

[n some types of papillary stenosis that 
are observed with the described symptoms 
of stenosis, f.e., prestenotic ectasia and 
delay of evacuation, there is an evident 
hypermotility limited to the more frequent 
and delayed contractions, as well as an 
overlapping of duodenal peristalsis on 
sphincteric contraction. As a sign of strong 
contraction, the sphincter muscle bulges 
into the common bile duct, giving the ap- 
pearance of a concave shape to the contrast 
medium in the common bile duct (Fig. 
64). Contrary to stenosis due to inflamma- 
tory reactions, the contours are smooth 
and stretched along the course of the 
common bile duct (Fig. 68). Here evi- 
dently the normal functional moment of 
the stenosis in the sense of a spasm is very 
important. 
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Fic. 5. Papillary stenosis with prestenotic ectasia, 
more pronounced in the pancreatic than in the 
common bile duct. 


MALFORMATIONS 


Malformations of the pancreas can only 
be visualized on retrograde pancreati- 
cography if they communicate with the 
duct system. In 1 of 650 cases we found 
little round excavations the size of a pin- 
head at the ends of the finest ductuli and 
canaliculi, corresponding to the image of 
dysontogenetic cysts. The remainder of the 
duct system was entirely intact and the 
patient was without any complaints (Fig. 


7) 


CHANGES OF THE DUCT SYSTEM 
WITH AGE 


According to our measurements in 100 
normal cases, the lumen of the pancreatic 
main duct of a normal pancreas enlarges 


Anacker, Weiss, Kramann and Rupp 


OcTOBER, 1974 


with age. The outlines become irregular 
and somewhat tortuous in their course. 
Similar changes are seen in the side ducts. 
The whcle duct system demonstrates the 
same deformities as seen during the early 
stages of chronic pancreatitis. 


CHRONIC PANCREATITIS 


It is our experience that the changes of 
the duct system increase with the duration 
of chronic pancreatitis. In the first 2 years 
there are often, as in acute pancreatitis, no 
deformit es at all. However, thereafter the 
effects of local fibrosis and cirrhosis of the 
pancreatic parenchyma, usually seen dur- 
ing the course of chronic pancreatitis, are 
reflected on the duct system. We find the 
same deformities as in the elderly patient 
with a normal pancreas: irregularities of 
the contours and the course of the main 
duct and the side ducts. In the further 
course of the disease, these deformities be- 
come pronounced, showing alterations of 
the lumen with single or multiple stenosis? 
(Fig. 8). The ductuli and canaliculi be- 
come coarse and cyst-like. The outstanding 
finding ts ectasia, which is also seen in the 
main duct (Fig. 9). In 45 cases of chronic 
pancreatitis, ectasia was noted in 25. The 
more there are different symptoms and the 
more they are pronounced, the more the 
diagnosis of chronic pancreatitis can be 
documented by retrograde pancreaticog- 
raphy. Simultaneous narrowing of the 
common bile duct was found in 8 of 45 
cases, when the common bile duct had an 
intrapancreatic course; Classen and Dem- 
ling? found this narrowing in 16 of 64 cases. 

In pancreatitis calculosa, the calcifica- 
tions are either in the parenchyma of the 
pancreas or in the ducts. In retrograde pan- 
creaticography, only the latter can be 
shown: extraductal stones have no effect 
on the pancreatic duct system. The intra- 
ductal s-ones are usually located in the 
Wirsung duct and are visualized as contrast 
medium filling defects. Only once did we 
find stones in a ramus pancreaticus, dilated 
to a small cavity (Fig. 10). At the same 
time the whole duct system shows more or 
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Fic. 6. (4) Papillary spasm with bulging o^ the sphincter muscle in the common bile duct, simulating a 
stone obstruction. (B) After release of th» spasm smooth contours of the terminal common bile duct 
are seen. 


less the changes of chronic pancreatitis. lent progress in the diagnosis, first of all for 
Rarely, the lithiasis of the Wirsung or the the operative treatment. However, only 
common bile duct is associated with a those necrotic processes which are in com- 
papillary stenosis. In this case the lichiasis 
can be the result or the cause of the papil- 
lary stenosis. 


PANCREATIC ABSCESS AND PSEUDOCYST 


Direct proof of the exact localization of 
an intrapancreatic abscess reflects an excel- 





Fic. 7. Multiple small dysontogenetic cysts in Fic. 8. Chronic pancreatitis with slight ectasia 
the endings of the ductuli and canaliculi. and multiple stenoses in the Wirsung's duct. 


380 





Fic. 9. Chronic pancreatitis with generalized ectasia 
and irregular course of the Wirsung’s duct and 
with pronounced deformity of the rami pan- 
creatici. 


munication with the duct system can be 
shown by retrograde pancreaticography. 
In case of an abscess, there is a circum- 
scribed contrast medium  extravasation 
(one should better call it extraductation), 
usually of the size of 1-2 cm., sometimes 
with irregular contrast medium filing 
defects due to necrotic material or se- 
questra in the necrotic cavity (Fig. 14). 
The neighboring ductuli and canaliculi are 
deformed as in chronic pancreatitis. The 
rest of the duct system can be entirely 
normal. The diagnosis of abscess, as a 
space-occupying lesion, is confirmed by 
displacement of a larger duct (Fig. 11). 

In pseudocyst there 1s, corresponding to 
the pathologic anatomic finding, a diffuse 
"extraductation" of contrast medium out 
of an autodigested or perforated duct. In 
our cases this was mostly the main duct or 
the 2nd degree duct (ramus). The extra- 
ductated contrast medium 1s quickly di- 
luted in the large pseudocyst filled with 
fluid and, therefore, the exact size of the 
cavity can not be delineated (Fig. 12). One 
should not try this in any case, for the 
danger of infection is unnecessarily in- 
creased. Sometimes there is also a simul- 
taneous perforation of 2 ducts (Fig. 12). 
The visualization of the perforated duct 
sometimes extends beyond the perforation 
itself (Fig. 13); occasionally, it ends at the 
site of the perforation (Fig. 14). As in the 
pancreatic abscess, the rest of the duct 
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system can be entirely normal, or changed 
as in chronic pancreatitis. 

In our I1 cases the necrotic process 
originated § times in the head, 3 times be- 
tween tle head and the body, twice in the 
body, ard twice between the body and the 
tail of the pancreas. 

If the pseudocyst loses its communica- 
tion with the duct system, proof by pan- 
creaticography becomes impossible. 


CARCINOMA OF THE PANCREAS AND 
OF THE PAPILLA 


Carciromas of the pancreas and the 
papilla can not be differentiated by endos- 
copy or by pancreaticography. They are 
dealt with here together. We examined 
a total of 14 carcinomas; in 2 of them a 
cannulation was not possible for a car- 





Fic. 10. Multiple stones in the Wirsung’s duct and 
in a ramus, which is dilated to a small cavity. 
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Fic. 13. Necrotic cavity in the head of the pancreas; 
the necrosis didn't destroy completely the pan- 
creatic main duct. 
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At postmortem examination we found the 


^ j . i : E : iti a e 1 
Fic. 11. An abscess in the head of the pancreas of the following additional SIgns 


size of about 2 cm., demonstrated by an accumu- Stenosis without prestenotic ectasia 

lation of contrast medium and displacemeat with Cvstic deformation of the side ducts 

narrowing of the neighboring Wirsung's duct. D avefactiot of the side ducks 

Bizarre lacunary ectasia. 

cinoma infiltrating the papillary regien and 
occluding the opening; the diagnosis could 
be made by biopsy and brushing. In detail 
we found the following signs: 


Besides these changes in the pancreatic 
duct system the carcinoma can also pro- 


Occlusion of the main duct (9; Fig. 15) 

Stenosis with prestenotic ectasm (3; 
Fig. 16) 

Displacement of the side ducts (2) 

Lacunary contrast medium extravasa- 
tion into the parenchyma (1; Fig. 17) 

Displacement of the Wirsung duct and 
stenosis of the common bile dact in 
the prepapillary area (1). 





Fic. 14. Necrotic cavity in the pancreatic body, de- 

Fic. 12. Large pseudocyst, communicating vith the stroying completely the Wirsung's duct. The con- 
perforated ramus capitis inferior and the W-rsung’s trast medium filled defects in the cavity show 
duct in the area of the body of the pancreas. necrotic material and sequestra. 
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Fic. 15. Pancreatic carcinoma with complete obstruc- 
tion of the Wirsung’s duct between the body 
and the tail of the pancreas. There is a normal ap- 
pearance of the pancreatic duct system up to the 
obstruction. Histologic examination: adenocarci- 
noma. 


duce displacements of the common bile 
duct, when it is located in the head of the 
pancreas. 

Since these signs alone are not specific of 
carcinoma, and since the occlusion of the 
pancreatic main duct often is seen in the 
advanced stage of stenosis, it seems unsuit- 
able to differentiate the types of carcinomas 
by signs or symptoms. Because the location 
of the carcinoma influences the changes 
produced, it seems more appropriate to 
differentiate between the carcinoma origin- 
ating in the pancreatic duct and the car- 
cinoma originating in the parenchyma of 
the pancreas. The first usually results in 
total obstruction of the main duct, and a 
complete occlusion of the main duct is 
demonstrated by pancreaticography. The 





Fic. 16. Carcinoma between the head and the body 
of the pancreas with irregular stenosis and pre- 
stenotic ectasia of the Wirsung's duct. Histologic 
examination: adenocarcinoma. 
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stenosis with prestenotic ectasia belongs 
to this type. The carcinoma originating in 
the parenchyma causes more often a 
stenosis without the following: prestenotic 
ectasia; displacement of the main and side 
ducts; aad rarefaction of the side ducts. 

The differentiation of carcinoma from 
chronic pancreatitis is very difficult by a 
single sign or symptom.191?:2? [n carcinoma 
sometimes one can see no ectasia of the 
poststenotic duct segment, contrary to 
chronic pancreatitis where there are gen- 
eralized ectasias (pre- and poststenotic) 
with solitary or multiple stenoses. In the 
carcinoma originating from the main duct, 
the duct system from the papilla to the 
obstruction is often completely normal. 

A combination of displacement and 
stenosis of a duct is seen also in the pan- 
creatic zbscess, although an irregular con- 
tour of the stenosis favors a carcinoma. 

The synopsis of the clinical findings and 
other subsequent examinations usually 
lead to the right diagnosis. 


SUMMARY 


Review of our experience with the endo- 
scopic retrograde pancreaticography is 
based om 650 examinations. 

An anatomic nomenclature of the pan- 





Fic. 17. Carcinoma of the head of the pancreas with 
stenosis of the Wirsung’s duct and contrast 
medium extravasation into the surrounding pan- 


creatic parenchyma. Histologic examination: 
adenocercinoma with liver metastasis. 
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creatic duct system is proposed. In the 
course of the normal evacuation of the pan- 
creatic duct 3 different phases are dis- 
tinguished. In papillary stenosis and in 
papillary spasm these phases are changed 
pathologically and the total evacuation 
time is prolonged. In chronic pancreatitis 
there are irregularities of the outline of 
the course of the duct with progress of the 
disease; there are ectasias, solitary or mul- 
tiple stenoses, and deformities of the side 
ducts. 

Stones in the pancreatic main duct ap- 
pear as defects in the contrast medium 
filling. 

The special value of the diagnostic proof 
of pancreatic abscesses and pseudocysts 
shown by contrast medium extraductation 
is discussed as regards surgical interven- 
tion. 

The duct changes seen in pancreatic car- 
cinoma are often similar to those of chronic 
pancreatitis. 

The normal appearance of the pancreatic 
main duct and side ducts between the 
tumor and papilla, and evaluation of all 
clinical and radiologic findings frequently 
allow the right differential diagnosis. 


H. Anacker 
Institut für Róntgendiagnostik 
der Technischen Universitàt 
München, Klinikum rechts der Isar 
Ismaningerstrasse 
8 München 80, Germany 
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PANCREATIC PSEUDOCYST 


A REVIEW OF 17 CASES WITH EMPHASIS ON 
RADIOLOGIC FINDINGS* 


By SENICHIRO KOMAKI, M.D.,+ and JOHN M. CLARK, M.D.t 


MILaV AUKEE, WISCONSIN 


ANCREATITIS is a frequent result of 

chronic alcohol abuse, particularly in 
males over the age of 40 years. In acute 
pancreatitis, elevation of serum amylase in 
the presence of characteristic abdominal 
pain facilitates the diagnosis on the bzsis of 
clinical evidence, and the radiologic findings, 
although supportive, often are not diag- 
nostic. 

Pseudocyst of the pancreas occurs as a 
complication of subacute or chronic pan- 
creatitis, at which time the serum arm ylase 
may have returned to normal levels, and 
the patient may be subjectively asympto- 
matic. In this phase of pancreatitis, the 
radiologic findings are of relatively greater 
significance. 


In this paper, the clinical findings are 
briefly summarized in Table 14. The radio- 
logic abnormalities were identified on plain 
film roentgenography of the abdomen, chest 
roentgenography, upper gastrointestinal 
study, cholecystography, barium enema ex- 
amination, excretory urography and angi- 
ography. The radiologic findings are tabu- 
lated in Table 15. All cases were proven by 
surgery or autopsy. These patients were 
admitted to the Veterans Administration 
Hospital, Milwaukee, Wisconsin, or to the 
Milwaukee County General Hospital be- 
tween 1967 and 1972. 

Of the 17 cases reviewed, 8 cases are se- 
lected for more detailed presentation to 
illustrate the radiologic findings. 


TABLE IA 


SUMMARY OF CLINICAL FINDINGS IN I7 PATIENTS WITH PANCREATIC PSEUDOCYST 


























Case Age Abdominal 








Ne iy) Sex Alcoholism Pan 
I 44 M ++ + 
II 32 M d 
III 2 M ++ 
Iv 38 M FF + 
v 53 M + + 
vI 43 M + + 
VII 41 M + + 
VIII 4I M d + 
9 46 M + + 
10 40 M + + 
II 54 M ++ 
12 31 M d 4 
13 3 M 4 
14 41 M + E 
15 34 M ++ 
16 39 M : + 
de + 


17 60 M 








Nausea Weight Gastrointestinal Serum 
Vomiting Loss Bleeding Amylase 
(u./ ml.) 

T + occult 48 
50 

35 

++ per varices 122 

T 822 

T + per varices 220 

68 

++ emesis 357 

926 

T 737 

279 

1,460 

2,217 

400 

+ occult per ulcer 1,440 

1,399 














* From the Department of Radiology, The Medical College of Wisconsin, Milwaukee, Wisconsin. 


1 Fellow in Radiology. 


1 Assistant Professor of Radiology, and The Radiology Service of Veterans Administration Hospital, Wood (Milwaukee), Wisconsin. 
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REPORT OF CASES 


Case 1. This 44 year old, white male entered 
the hospital because of suspected voccl cord 
tumor; however, biopsy proved to be nezative. 
The patient gave a history of excessive use of 
alcohol. On physical examination, he was found 
to have soft tissue masses in the left upper 
quadrant and left lower quadrant of the abdo- 
men, gynecomastia, spider angiomata and 
palmar erythema. Laboratory examination in- 
dicated elevated blood sugar with a curve sug- 
gesting diabetes mellitus. The serum amylase 
was within normal limits. The upper gestroin- 
testinal study (Fig. 14) revealed retrcgastric 
and infragastric mass. Barium enema examina- 
tion (Fig. 1B) demonstrated caudad dsplace- 
ment of the transverse colon. These fndings 
were interpreted as pseudocyst of the pancreas. 
When surgery was performed, a large cystic 
mass was found occupying the lesser peritoneal 
sac and extending into the retropentoneal 
space, displacing the stomach anteriorly and 
the colon inferiorly. The mass extended from 
the left diaphragm inferiorly into the pelvis. Six 
thousand cubic centimeters of purulent ma- 
terial was aspirated from the cyst, and cystgas- 
trostomy was performed. One month later the 
patient developed gastric outlet obstruction, 
and pylorojejunostomy was performed with 
relief of the symptoms. Four months later he 
developed diffuse mid-abdominal pain. Physical 
examination revealed a firm, tender mass in the 
right groin. A roentgenogram of the ab domen 
showed an abscess of the right lower quadrant. 
When this abscess was drained, it was feund to 
extend into the right retroperitoneal space. 
Postoperatively, the patient is doing well. 

Comment. Pancreatic abscess is a relatively 
rare complication of pancreatic pseudocyst. It 
probably occurred in this patient because the 
original pancreatic pseudocyst was found to be 
infected, and, following surgery, there probably 
was residual pus or infected pseudocy:t fluid 
within the retroperitoneal space. Norraal se- 
rum amylase values, and diabetes, are often 
seen during the end stage of chronic re apsing 
pancreatitis. Cystgastrostomy is one of the well 
accepted surgical procedures. 


Case 11. This 82 year old male entered the 
hospital in a coma following an autcmobile 
accident. Carotid arteriography failed to show 
any abnormality. Chest roentgenogram re- 
vealed left pleural effusion. Laboratory exami- 
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Fic. 1. Case 1. (4) Frontal roentgenogram of the 
stomach reveals a large infragastric mass push- 
ing the body of the stomach superiorly (4i). 
The loop of the duodenum is widened, and the 
duodenal mucosa is edematous (<>). The pan- 
creatic pseudocyst was located in the lesser peri- 
toneal sac. (B) Barium enema roentgenogram 
shows caudad displacement of the transverse colon. 








nation indicated a high serum calcium (17 mg. 
per cent) which was thought to be due to hy- 
perparathyroidism. Subsequently a parathy- 
roid adenoma was surgically removed. During 
the course of hospitalization, the patient de- 
veloped an epigastric mass. 

Upper gastrointestinal study revealed a large 
epigastric mass, pushing the stomach superiorly 





Fic. 2. Case 11. (4) Frontal roentgenogram of the 
stomach shows a large mass causing compression 
and elevation of the stomach. The smooth outline 
of the stomach suggests extragastric mass ( 4 ). 
(B) Celiac arteriogram shows stretching and dis- 
placement of the left gastric artery by an avascular 


mass ( ). Air in the stomach outlines displace- 
ment of the stomach by a smoothly rounded mass 
situated inferior to the stomach (<>). 


(Fig. 24). Celiac arteriography was performed 
and revealed some stretching of the left gastric 
artery. No tumor vessels or staining were identi- 
fied (Fig. 28). At surgery a large cyst contain- 
ing 2,000 cc. of thin, grayish fluid was found in 
the lesser peritoneal sac compressing the stom- 
ach superiorly and anteriorly, and displacing 
the transverse colon and the ligament of Treitz 
inferiorly. The pancreas was generally edema- 
tous. Ascitic fluid was present. Cystgastrostomy 
was performed. Three weeks after surgery the 
patient died. At autopsy, 3 more small, pan- 
creatic pseudocysts were found within the head 
and tail of the pancreas. The largest pseudocyst 
was found in the body of the pancreas, and it 
extended into the lesser sac. The cause of the 
patient’s coma was thought to be due to ob- 
structive hydrocephalus secondary to lepto- 
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meningitis following traumatic subarachnoid 
hemorrhage. 

Comment. This patient was exceptionally old 
considering that the other patients in this series 
were all Fetween 30 and 50 years of age. It was 
the opinion of the pathologists that this pa- 
tient’s pancreatitis was due to a diffuse inflam- 
matory process involving the pancreas, rather 
than trauma. Primary hyperparathyroidism 
may be associated with pancreatitis.? Angiogra- 
phy was not contributory in reaching the diag- 
nosis and was done to look for a vascular tumor 
or hematoma. 


Case r1. This 42 year old white male had a 
history o` excessive intake of alcohol. He was 
admitted for evaluation of a left upper quad- 
rant abdominal mass, which had been noted ; 
months prior to admission when he had been 
admitted to another hospital for a hemorrhoid- 
ectomy. In other respects, he was asymptomatic 
at the time of admission. Physical examination 
revealed a fullness in the upper left quadrant of 
the abdomen, but no tenderness was present. 

Laboratory examination revealed SGOT 130 
units/ml., alkaline phosphatase of 200 units 
(King Armstrong), total bilirubin 1.0 mg. per 
cent, serum amylase 35 units/ml. Chest roent- 
genography and barium enema examination 
were normal. Upper gastrointestinal study re- 
vealed a slight indentation of the posterior 
aspect of the gastric fundus due to extrinsic 
pressure. Celiac angiography demonstrated a 
supraspleaic mass with compression of the su- 
perior aspect of the spleen. The venous phase 
showed a nonfunctioning splenic vein with ex- 
tensive collateral venous flow (Fig. 3). At sur- 
gery a paacreatic pseudocyst containing 300 cc. 
of nonpu-ulent fluid was discovered posterior 
and superior to the spleen and communicating 
with the rail of the pancreas. The remainder of 
the pancreas was firm to palpation and appar- 
ently witiout active pancreatitis. The splenic 
vein was noted to be occluded. 

Comment. Pancreatic pseudocyst situated be- 
tween the spleen and the left diaphragm is an 
unusual ocation. Because of the roentgeno- 
graphic a»pearance of an avascular mass adja- 
cent to the spleen, a preoperative diagnosis of 
hematoma within the splenic capsule was 
favored, although pseudocyst of the pancreas 
was consklered as a possibility because of the 
history of alcoholism and nonfunctioning 
splenic vein which was proved at surgery to be 
due to sp enic vein thrombosis. 
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Case Iv. This 38 year old Negro male had a 
long standing history of excessive use of alcohol. 
In December 1971, he was admitted to the 
hospital because of seizures and abdominal 
pain. In April 1972, he was again admitted be- 
cause of massive upper gastrointestinal bleed- 
ing. At laparotomy the bleeding was foand to 
be coming from varices of the stomach fandus. 
The bleeding was controlled by oversewmg the 
stomach fundus. At surgery a large pan-reatic 
pseudocyst was found extending from tae left 
lobe of the liver. Fluid aspirated from the cyst 
was negative for amylase and bacteria. Post- 
operative upper gastrointestinal exammation 
revealed a large mass posterior to the stomach 
(Fig. 44). An excretory urogram revealed ir- 
regularity and localized displacements of the 
left ureter (Fig. 4B). Subsequently these ir- 
regularities of the ureter were proved by 
angiography to be due to periureteral dilated 
collateral veins secondary to splenic vein 
thrombosis. Splenic arteriography revealed oc- 
clusion of the splenic vein (Fig. 4C) with col- 
lateral venous flow extending inferiorly in the 
mesenteric and retroperitoneal veins. Celiac ar- 


Fic. 3. Case 111. Celiac arteriogram, venous phase, 
demonstrates the absence of filling of the splenic 
vein. The presence of extensive collateral arcula- 
tion and visualization of the portal vein (<>) 
is diagnostic of splenic vein thrombosis. Note the 
smoothly outlined defect along the superior aspect 
of spleen representing mass effect by pseudocyst 


of pancreas (4). 
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teriography revealed stretching and displace- 
ment of the left hepatic artery. The liver scan 
was done using Tc??" sulphur colloid, and, al- 
though there was slight uptake by the spleen, 
there was no uptake in the lett lobe of the liver. 
During a second surgical exploration, a large 
necrotic cystic mass, approximately the size of a 
bowling ball, was found adherent between the 
left lobe of the liver and the spleen. Splenic vein 
thrombosis was noted, and splenectomy was 
performed. It was felt that the left lobe of the 
liver was involved by the cystic mass. Drains 
were placed in the left lobe of the liver and in 
the left upper quadrant of the abdomen. One 
month later the patient left the hospital in good 
condition. 

Comment. This patient initially presented 
with massive upper gastrointestinal bleeding 
from gastric varices apparently secondary to 
splenic vein thrombosis. Splenic vein throm- 
bosis is a common complication of chronic pan- 
creatitis and can be seen in at least 5 per cent'* 
of patients with pancreatitis. Ureteral notching 
due to periureteral dilated collateral veins is a 
rare finding? This finding is generally con- 
sidered to be due to renal vein thrombosis,! but 
in this case, was caused by splenic vein throm- 
bosis. 


Case v. This 54 year old white male had had 
a long history of excessive use of alcohol. Three 
months prior to admission he noted a moderate 
epigastric mass. Upper gastrointestinal study 
revealed the mass to be anterior to the stomach 
(Fig. 5). At surgery, a cystic mass was found 
adjacent to the abdominal wall anterior to the 
stomach. The cyst had a thick wall which was 
opened inferiorly and posteriorly. Three hun- 
dred to four hundred cubic centimeters of 
turbid fluid was aspirated. The cyst opening 
was anastomosed to the jejunum for internal 
drainage in the form of a Roux-Y cyst je- 
junostomy. 

Comment. An unusual finding in this patient 
was the location of the pancreatic pseudocyst 
anterior to the stomach. Pancreatic pseudocyst 
is more often located posterior to the stomach, 
inferior to the stomach, lateral to the stomach, 
or between the liver and the spleen.?* Roux-Y 
cyst jejunostomy is one of the frequent meth- 
ods of internal drainage. 


Case vi. This 44 year old white male alco- 
holic was admitted following 3 days of left up- 
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FrG. 4. Case iv. (4) Lateral roentgenogram of 


the stomach demonstrates a retrogastric mass 
indenting the posterior wall of the stomach 
and compressing the gastric antrum. (B) A 15 
minute excretory urogram shows notching of 
the upper portion of the left ureter (4i). No 
pelvo-caliectasis is present. (C) Splenic arterio- 
gram, venous phase, shows nonfunction of the 
splenic vein with collateral circulation through 
the periureteral veins (4@ >). Superimposition 
of the film from the excretory urogram and the 
venous phase of the splenic arteriogram con- 
firms the relationship of the venous distention 
and the ureteral notching. 
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pain became more severe. Emergency surgery 
was done, revealing a ruptured pancreatic 





Fic. 5. Case v. Lateral roentgenogram of the stomach 
demonstrates a large extragastric mass, waich is 
anterior to the stomach. This is quite an uausual 
location for pseudocyst of the pancreas. 


per quadrant abdominal pain. Four months 
prior to admission. he had been surg ically 
treated at another hospital for pancreatic 
pseudocyst. During the interval, he had de- 
veloped several episodes of mild upper gastro- 
intestinal bleeding. He did not appear to be in 
acute distress; however, palpation of tne abdo- 
men revealed an exquisitely tender mass n the 
left upper quadrant below the left costal mar- 
gin, measuring approximately 8 X 10 cm. in size. 
The hematocrit was 17.3 per cent, hemoglobin 
5.9 gm. per cent, white blood cell zount 
3,900. mm.? and serum amylase 220 units/ml. 
Upper gastrointestinal study was done, re- 
vealing the mass to be situated anterior and to 
the left of the stomach. Thickened mucosal 


Fic. 6. Case vi. (4) Posteroanterior roentgenogram 
of the stomach shows irregular nodular filling 
defects in the gastric fundus consistent with gas- 
tric varices. The stomach is displaced toward the 
rizht by a large mass in the left upper quadrant of 
the abdomen. (B) Left lateral decubitus roent- 


folds were present throughout the gastric genogram of the abdomen after cystgastrostomy, 
fundus, consistent with gastric varices (Fig. at which time there was rupture of the pancreatic 
64). One week after admission, the patient’s pseudocyst. Note the air-fluid level within the 


abdominal mass suddenly disappeared, and his peritoneal cavity (4 ). 
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Fic. 7. Case vir. (4) Oblique roentgeno- 
gram of the stomach shows a retrogastric 
mass with anterior displacement of the 
antrum of the stomach and the first por- 
tion of the duodenum. (B) A 10 minute 
excretory urogram shows nonvisualiza- 
tionof the left pelvo-caliyceal system with 
delayed nephrogram. A delayed urogram 
taken 1 hour later eventually showed 
normal anatomy of the left collecting 
system. (C) Excretory urogram, taken 2 
weeks after surgery, demonstrates nor- 
mal structure and function of both 
kidneys. 


pseudocyst. The pseudocyst was situated be- 
tween the pancreas, stomach, anterior abdomi- 
nal wall, and spleen. Cystgastrostomy was per- 
formed. During surgery he was noted to have 
gastric varices, splenomegaly, and splenic vein 
thrombosis. 

Postoperatively, a left lateral decubitus 
roentgenogram of the abdomen was taxen and 
showed air-fluid level within the abdomen 
(Fig. 6B). Subsequently, the patient developed 
respiratory complications and died 2 weeks 
after rupture of the pseudocyst. 

Comment. This is the second patient in this 
series to have bleeding from gastric varices 
secondary to splenic vein thrombosis caused by 
pancreatitis. Spontaneous rupture of pancreatic 
pseudocyst is an abdominal catastrophe with an 
ominous prognosis. If the pseudocyst ruptures 
internally into the gastrointestinal tract, prog- 
nosis is somewhat better.*:? 
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Case vir. This 41 year old white male alco- 
holic entered with a complaint of epigastric 
pain. Upper gastrointestinal study revealed a 
retrogastric mass (Fig. 7/7). Intravenous pyelog- 
raphy was done revealing a delayed excretion 
of contrzst material from the left kidney (Fig. 
7 B). At surgery a cystic mass containing 800 cc. 
of dark colored fluid was found posterior to the 
stomach. The kidney was felt to be normal in 
consistercy and size by palpation. Intravenous 
pyelography performed 2 weeks after surgery 
showed equal function of both kidneys (Fig. 
7C). It was felt that the poor excretion from the 
left kidney was due to transient, vascular im- 
pairment, either by vessel spasm or compres- 
sion by the pancreatic pseudocyst. 


Case vil. This 41 year old white male alco- 
holic entered the hospital complaining of pain 
in the right upper quadrant. A right upper 
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quadrant mass was palpable. Gastrointestinal 
study revealed marked widening of the second 
portion of the duodenum (Fig. 84). Abdominal 
angiography indicated stretching of the vessels 
in the region of the head of the pancreas (Fig. 
8B). At surgery, a pancreatic pseudocyst con- 
taining 500 cc. of fluid was found within the 
head of the pancreas, displacing the duodenum 
to the right and anteriorly. A Roux-Y cyst- 
jejunostomy was performed, and the patient 1s 
doing well postoperatively. 


Cases 9 to 17 are summarized on —ables 
IA and IB. 


d 


Fic. 8. Case viri. (4) Posteroanterior roentgenogram 
of the stomach shows a markedly widened C-loop 
of the duodenum consistent with a mass in the 
head of the pancreas. The mucosal patterr of the 
duodenum appears quite normal. (B) Celiac arteri- 
ogram shows stretching and displacement of the 
gastroduodenal artery (4M) and pancreatico- 
duodenal arteries, indicating enlargement of the 
head of the pancreas. No abnormal vessels are 
identified within the mass. 
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DISCUSSION 


Twenty-three radiologic manifestations 
of pancreatitis have been reported.? None 
of these manifestations are sufficiently de- 
finitive to provide a precise diagnosis. 
Pseudocyst of the pancreas, on the other 
hand, is not difficult to diagnose. The com- 
bination of pancreatic calcification and a 
mass posterior to the stomach is strongly 
suggestive of the diagnosis of pancreatic 
pseudocyst. 


AGE AND SEX 


Most of the patients in this series were 
between 40 and 50 years of age. The 
youngest was 31 years and the oldest was 
82 years of age. They were all male. Two- 
thirds of our cases are from the Veterans 
Administration Hospital, where the patient 
population is predominantly male; how- 
ever, pancreatitis is more common in males. 
Ninety-three out of 100 cases of pancreati- 
tis reported by Netto et a/.1° were males. 


ETIOLOGY 


Fifteen of 17 patients reported in this 
series gave a history of excessive intake of 
alcoholic beverages. Of the remaining 2, 1 
who was 82 years old and in a coma (Case 
11) was unable to provide an adequate his- 
tory. In Case 16, history about alcoholic 
intake was not described. In the series of 
Sa-les et al., 99 out of 100 cases of chronic 
pancreatitis patients were alcoholics. 

Gallstones were not found in any of our 
patients, either at surgery or at autopsy. 
According to Netto et a/.,? who reported 
100 cases of chronic pancreatitis, 22 per 
cent were alcoholics. 42 per cent had gall- 
bladder disease, and 8 per cent had both 
gallbladder disease and a history of alco- 
ho.ism. 

There appears to be more than a coinci- 
dental relationship between primary hyper- 
parathyroidism and pancreatitis. In one 
series of 155 cases of primary hyperpara- 
thyroidism, 11 patients were found to have 
pancreatitis, and of these, 81 per cent were 
noted to have pancreatic calcifications.? 
The patient in our series (Case 11), who had 
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a combination of pancreatitis and hyper- 
parathyroidism, did not have pancreatic 
calcifications. 


CLINICAL FINDINGS 


Five of the patients had no abdominal 
symptoms, the others complained of abdom- 
inal pain (12 cases), upper gastrointestinal 
bleeding (5 cases), nausea and vomiting 
(4 cases), and weight loss in excess of 20 
pounds (4 cases). Serum amylase value was 
normal in 5. These findings are tabulated in 


Table 14. 


RADIOGRAPHIC FINDINGS 


Chest roentgenography. In this series, 3 
patients (18 per cent) had evidence of left 
pleural effusion. Margulis and Burhenne," 
report an incidence of 6 per cent pleural 
effusion in patients with pancreatitis. Addi- 
tional manifestations include limitation of 
movement of the left hemidiaphragm and 
elevation of the left hemidiaphragm. In 
severe cases, both hemidiaphragms may be 
involved.!%20.28,29 

Plain film roentgenography of the abdomen. 
Pancreatic calcifications were identified on 
the roentgenograms of 3 of the patients in 
this series (18 per cent), ages 38, 54, and 34. 
Reported incidence of pancreatic calcifica- 
tions in patients with chronic pancreatitis 
is as follows: 17-24 per cent by Bockus;? 
24 per cent by Netto eż a/.,!® and 49 per 
cent by Sarles e al.” 

In 10 of the patients in this series (59 per 
cent), a soft tissue mass could be visualized 
on plain roentgenograms of the abdomen. 
Usually the mass was apparent because of 
displacement of the stomach or colon. In 3 
of our cases, an abscess was formed by in- 
fection of the pancreatic pseudocvst. In 1 
of these cases, the soap-bubble appearance 
was apparent on plain roentgenogram of 
the abdomen. Pancreatic abscess is a serious 
condition with fever and a high mortality 
rate. Case 1 had an infected pancreatic 
pseudocyst and, later, developed peritoneal 
and retroperitoneal abscesses. The other 2 
patients died following rupture of the pan- 
creatic pseudocyst. According to Littmann 
et al.,? there is a 5 per cent incidence of 
rupture of pancreatic pseudocyst. The cyst 
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may rupture into the stomach or duode- 
num, in which case it is not as severe as a 
rupture which results in spill of the cyst 
contents into the peritoneal cavity.?:? 

Retroperitoneal effusion of cyst fluid 
may obscure the outline of the left kidney 
and psozs muscle. This finding has been re- 
ported in a study by Meyers ef a/.* and 
others.?" ?.?? Obliteration of the retroperi- 
toneal fat planes may be even more obvi- 
ous, If the patient is emaciated due to 
pancreatic digestive insufficiency. In our 
series, the renal and psoas muscle outlines 
were oMiterated i In 5 cases (29 per cent): 3 
cases or the left side only, and 2 cases 
bilaterally. According to Stein e al. 17 
out of 61 cases of acute pancreatitis (28 per 
cent) had loss of renal and psoas muscle 
outlines. Excretory urography was per- 
formed in 10 of the patients in this series. 
All were normal except 1 (Case 10), who 
had poor concentration in the left kidney. 
Following surgery, kidney function re- 
turned to normal, and the patient is doing 
well vears later. Pancreatic pseudocyst has 
been found to cause a pressure effect upon 
the renal vessels in other series. !5?? 
Notching of the ureter was found in 1 of 
our patients (Case 1v), and this was later 
shown to be caused by dilated collateral 
veins adjacent to the ureter secondary to 
splenic vein thrombosis. This manifestation 
was described by Chait e al. as occurring 
in portal hypertension. Other conditions 
which produce ureteral notching may be 
renal artery stenosis? or renal vein throm- 
bosis.! 

Gallbladder examination was performed 
in 4 of our cases, 3 by intravenous adminis- 
tration of cholografin, and 1 bv oral ad- 
ministration of telepaque. In all of these 
patients, there was faint visualization of 
the gallbladder, but no stones were identi- 
fied. In Case 17, the typical kneebend de- 
formity of the distal common bile duct was 
found to be due to displacement by a mass 
in the head of the pancreas. This finding 
has been described in pancreatitis.!4^ 29.25.31 

The position of the colon was studied 
either by barium enema, residual barium 
in the colon from previous intestinal 
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studies or by intestinal gas. In 11 cases, 
there was found to be caudal displacement 
of either the transverse or the solenic 
flexure by a soft tissue mass. Three cases 
were noted to have an irritable solenic 
flexure with a typical colon cut-off sizn.*? 
The colon cut-off sign has been described as 
an abrupt termination of the column »f gas 
within the colon lumen, due to an extension 
of the inflammatory process of the pan- 
creas through the transverse mesocobn or 
phrenocolic ligament, causing irritability, 
as is described elsewhere.* 

Upper gastrointestinal study. The location 
of the mass of pancreatic pseudocyst in re- 
lation to the stomach is summarized m the 
diagrams shown in Figure 9. The most fre- 
quent location of the cyst is retrogastric, 
and the least frequent location of the cyst 
is anterior to the stomach.” [n 1 case 
(Case vii), the pseudocyst was located in 
the head of the pancreas, causing widening 
of the duodenal loop, and 2 other patients 
had widening of the duodenal loop second- 
ary to a large extrapancreatic pseudocyst 
(Case 1 and Case 11). 





C= Pseudo-cyst of Pancreas 
S = Spleen 
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Angiography. The value of angi- 
ography in pancreatitis is well estab- 
shed Set: eat ea Angiography was per- 
formed in 4 patients in our series, and 3 of 
them showed stretching or displacement of 
some of the branches of the celiac axis, left 
hepatic artery, gastroduodenal artery, or 
superior pancreaticoduodenal arteries, as 
has been described by  others.? 11.21.2224 
Pooling of the contrast medium in micro- 
aneurysms, areas of hyperemia or decreased 
vascularity, vessel encasement and deform- 
ity has been described elsewhere.???* Be- 
cause the splenic vein 1s situated in close 
anatomic relationship to the pancreas, it Is 
frequenly involved by pancreatitis, with 
the occurrence of either thrombosis, dis- 
placement, or deformity of the splenic 
vein.l11.1422,24,2630 [n our series, 3 patients 
were noted to have splenic vein thrombosis. 
Study of the venous phase of celiac angi- 
ography will provide valuable diagnostic 
information. ?t 

Volume of the pancreatic pseudocysts in 
this series varied from 200 ml. to 6,000 ml. 
The pseudocysts were located outside the 


Fic. 9. Diagrams showing the location of the rr ass of pancreatic pseudocyst in relation to the stomach in the 
17 cases studied. PA = posteroante-ior; Lat= lateral; RAO — right anterior oblique. 
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pancreas with the exception of I case 
(Case 10), in which the cyst was located 
within the head of the pancreas. In a series 
of 26 surgically proven cases of pancreatic 
pseudocysts reported by Sarles et al. the 
pseudocyst was found to be extrapancreatic 
in II, and intrapancreatic in 16. 

The anatomic location of the pseudocvst 
was: within the lesser peritoneal sac, 11 
cases; in the peritoneal cavity, 3 cases; 
retroperitoneal, 1 case; and within the 
head of the pancreas, 1 case. The anterior 
surface of the pancreas forms a portion of 
the lesser peritoneal sac, which explains the 
greater frequency of pancreatic pseudocyst 
in this location.!? The operative procedures 
performed were as follows: cystgastro- 
stomy, 10 cases; external drainage, 2 cases; 
resection of the pseudocyst, 2 cases. The 
preferred method of treatment is total ex- 
cision,?? but in most cases this is impossible 
and, therefore, internal and external drain- 
age is performed." ?? 


SUMMARY 


Seventeen cases of pseudocyst of the 
pancreas were reviewed and a summary of 
the clinical manifestations and radiologic 
findings is given. 

Preoperative diagnosis of pancreatic 
pseudocyst can be accurately made with 
the aid of radiologic examination. 

Plain film roentgenograms of the ab- 
domen revealed evidence of the pseudocyst 
mass in most cases ($9 per cent). Upper 
gastrointestinal study was of value in pro- 
viding more precise information relative 
to the location of the pseudocyst. Barium 
enema examination revealed evidence of 
extrinsic pressure on the transverse colon 
or irritation of the splenic flexure. 

Various other radiologic manifestations 
are described. 


Senichiro Komaki, M.D. 
Department of Radiology 
Milwaukee County General Hospital 
8700 West Wisconsin Avenue 
Milwaukee, Wisconsin 53226 


Senichiro Komaki and John M. Clark 


to 


, 
-— 


6. 


~ 


IO. 


I 4. 


. ABRAMS, 


. GuYEF, 


. LECHNER, 


2. L'HEzwiNÉ, 


OCTOBER, 1974 


REFERENCES 


H. L. Angiography. Second edition. 
Volume II. Little, Brown & Company, Boston, 
1972, pp. 953-1088. 

Bockvs, H. L. Gastroenterology. Volume III. 
W. B. Saunders Company, Philadelphia, 1964, 


pP. 917-931. 


. Borysen, E., and TyLer, U. Vascular changes in 


chronic pancreatitis. Acta radiol. (Diag.), 1972, 
12, © 4-48. 

Bnascao, D. J., REvNorps, T. N., and Zonca, 
P. Radiographic colon cut-off sign in acute 
pancreatitis. Radiology, 1962, 79, 763-768. 


. Cuart, A., Marasan, K. W., Fasian, C. E., and 


MzrLiNs, H. Z. Vascular impressions on 
ureters. AM. J. ROENTGENOL., Rap. THERAPY 
& NucLEAR MED., 1971, 777, 729-749. 

FARRINGER, J. L., Roppins, L. B., and Pickens, 
D. R. Abscess of pancreas. Surgery, 1966, 60, 
964-970. 


. GaLirean, J. J. Pancreatic pseudocyst in child- 


hood. 4.M..4. Am. 
479-482. 

P. B., and Amin, P. H. Radiological 
demonstration of spontaneous rupture of 
pancreatic pseudocyst. Brit. 7. Radiol., 1970, 
43, 342-343. 


J^ Dis. Child., 1966, I12, 


. Kapeit, B. M., and Ritey, J. M. Major arterial 


invclvement by pancreatic pseudocyst. Am. J. 
ROENTGENOL., Rap. THERAPY & NUCLEAR 
MED., 1967, 99, 632-636. 
Kaye, M. D. Pleuropulmonary complications of 
pancreatitis. Thorax, 1968, 25, 297—306. 
G., and Pokieser, H. Ergebnisse 
angsographischer Untersuchungen bei Pan- 
kreatitis. Fortschr. a. d. Geb. d. Réntgenstrahlen 
u. d Nuklearmedizin, 1971, 114, 49-57. 
C., Gautier-Benoit, C., VAN- 
KEMMEL, M., and LEMAITRE, Les érosions 
arté-ielles des pseudo-kystes pancréatiques. 
Ann. de radiol., 1971, 14, $5-63. 


. Lirrmann, R., Pocnaczgvs&v, R., and RICHTER, 


R. M. Spontaneous rupture of pancreatic 
psetdocyst into duodenum. 4.M.A. Arch. 


SUTE., 1970, 700, 76-78. 
Marciuis, A. R., and Burnenne, H. J. Ali- 
mentary Tract Roentgenology. Volume II. 


C. ¥. Mosby Company, St. Louis, 1967, pp. 
957-895. 


. Mescwan, I. Roentgen Signs in Clinical Prac- 


tice. Volume II. W. B. Saunders Company, 
Philadelphia, 1966, pp. 1183-1213. 

MEvEss, M. A., WHaLEN, J. P., PEELLE, K., and 
Berne, A. S. Radiological features of extra- 
peritoneal effusions. Radiology, 1972, 104, 249- 
26%. 


. NEBE* an, R. A., and Porranmp, J. J. Critical 


evaluation of selective celiac and superior 
mesenteric angiography in diagnosis of pan- 


Vor. 122, No. 2 Pancreatic Pseudocyst 397 


creatic disease. Radiology, 1967, 89, 1017-1027. 26. Sartes, H., Sarzes, J. C., Camartre, R., 


18. Netrer, F. H. The CIBA Collection of Medical Munarrong, R., Garni, M., Guien, C., 
Illustrations. Volume 3. Part 3. 1964, 24, 143- Pastor, J., and LeRoy, F. Observations in 
146. 205 confirmed cases of acute pancreatitis, 

19. Netto, A. P., DrerLiNG, D. A., and Baro- recurring pancreatitis and chronic pancrea- 
norsky, I. Relationship between pancreatic titis. Gut, 1965, 6, 545-559. 
calcification and cancer of pancreas. Ann. 27. Scuwartz, S., and NapeELHALFT, J. Simulation 
Surg., 1960, 157, 530-537. of colonic obstruction at splenic flexure by 

20. Poppet, H. Roentgen manifestation of pan- pancreatitis: roentgen features. AM. J. ROENT- 
creatitis. Seminars in Roentgenol., 1968, 3, 227- GENOL., Rap. THerapy & NucLear MED., 
241. 1957, 78, 607-616. 

21. Rannicer, K., and Satpine, R. M. Arterio- 28. SHockman, A. T., and Manasco, J. A. Pseudo- 
graphic diagnosis of pancreatic lesions. Radi- cysts of pancreas. AM. J. ROENTGENOL., Rap. 
ology, 1966, 86, 470-474. THERAPY & NucLEAR MeD., 1967, 707, 628- 

22. Reuter, S. R., Repman, H. C., and Remon, 638. 

R. J. Angiographic findings in pancreatitis. 29. SrEIN, G. N., Karsen, M. H., SARIAN, Ne Nus 
Am. J. RoreNTGENOL, Rap. THERAFY & and FINKELSTEIN, A. Evaluation of roentgen 
NucLEAR MED., 1969, 707, 56-64. findings in acute pancreatitis. Gastroenterology, 

23. RosBiNs, L. L. Editor. Golden’s Diagr ostic 1959, 70, 354-361. 

Roentgenology. Williams & Wilkins Com- 30. Wansuaw, A. L., McCuesney, T. EvANS, 
pany, Baltimore, 1968, pp. 14.125-14.140. G. W., and McCarzv, H. F. Intrasplenic dis- 

24. Roscu, J. Angiography in diagnosis of pancreatic section by pancreatic pseudocyst. New Eng- 
disease. Seminars in Roentgenol., 1968, 3, 296- land F. Med., 1972, 287, 72-74. 

309. 31. Wise, R. E. Cholangiography and duct pan- 
as. Sacus, M. D. Routine cholangiography: opera- creatography in diagnosis of pancreatic dis- 
tive and postoperative. Radiol. Clin. Morth eases. Seminars in Roentgenol., 1968, 3, 288- 
America, 1966, 4, 547-560. 295. 
FACES 


OCTOBER, 1974 


SELECTIVE ARTERIOGRAPHY COMBINED WITH 
HYPOTONIC DUODENOGRAPHY FOR 
PANCREATIC LESIONS* 

By TAKASHI SUZUKI, M.D., KOTARO UCHIDA, M.D., TOMOHIKO TANI, M.D., 
and ICHIO HONJO, M.D.t 


KYOTO, JAPAN 


iG a previous article,^ we reported the 

basic study on the diagnostic usefulness 
of combined selective arteriography and 
hypotonic duodenography for carcinoma 
of the pancreas. Since then, we have rou- 
tinely used this new combined technique in 
Over I00 patients who were suspected of 
having a pancreatic lesion. By employing 
this procedure, much more valuable infor- 
mation could be obtained than by the 
simple summation of the findings noted on 
the 2 roentgenograms obtained separately. 

The purpose of the present communica- 
tion 1s to report a group of patients illus- 
trating the significance of this examination. 

The technique, the details of which were 
described elsewhere," is briefly as follows: 
In the prone position, 2 per cent Xylocaine 
solution is infused through the tube intro- 
duced into the duodenum, for the purpose 
of anesthesia of the anterior surface of the 
duodenal mucosa. With the tube still in 
place, the patient is turned to the supine 
position, and selective angiography of the 
celiac trunk and superior mesenteric artery 
is performed in both anteroposterior and 
right oblique projections. After angiog- 
raphy, the catheter is kept in the orifice of 
the artery and hypotonic duodenography 
is routinely done using an anticholinergic 
drug and Xylocaine solution. During the 
phase of insufflation, when the duodenum 
is semi-opacified and visualized in double 
contrast, arteriography is performed with 
the catheter remaining in the celiac trunk. 
In most of the patients, the catheter is 
advanced further into the common hepatic 
artery and superselective angiography is 


added. 





Fic. 1. Combined roentgenogram of a normal sub- 
ject. In addition to the combination of a celiac 
angiogram and hypotonic duodenogram, an oral 
cholecystogram is also superimposed. The normal 
correlative anatomy of vascular, duodenal and 
biliary systems is visible. 


Figure 1 shows the combined roentgeno- 
gram of a normal subject. The topographic 
relationship between the duodenal loop and 
the arteries is clearly visible. In addition 
to the combination of these 2 images, the 
gallbladder visualized by oral cholecysto- 
graphy is also superimposed in order to 
show the normal correlative anatomy of 
the vascular, duodenal and biliary systems. 

All the patients illustrated below under- 
went laparotomy about 1 week after the 
eXamination. 


REPORT OF CASES 


CasE 1. A 41 year old female had a 21 
months’ history of progressive jaundice. Se- 
lective arteriography showed irregular stenosis 
of bozh anterior superior and posterior superior 
pancreaticoduodenal arteries, but neither pro- 


* From the First Department of Surgery, Kycto University Medical School, Sakyc-ku, Kyoto, Japan. 
t Professor of the First Department of Surgerv, Kyoto University Medical School. 
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Fic. 2. Case 1. (4) Simple arteriogram of a pz tient with carcinoma of the head of the pancreas. The anterior 
superior and posterior superior pancreaticocuodenal arteries show irregular stenosis. (£) The duodenogram 
is superimposed. The extent of the tumor can be estimated by the mucosal destruction and vascular infil- 
tration (arrows). 


liferated tumor vessels nor tumor stain were 
demonstrable (Fig. 277). Otherwise no evidence 
of abnormality was revealed in the pan-reatic 
vessels. The simultaneously projected du »deno- 
gram showed the circumferential const-iction 
with an incisura defect of the mid-desc2nding 
duodenum, suggestive of direct invasion by the 
pancreatic lesion toward the duodenun. (Fig. 
2B). The size of the tumor, estimated »y the 
combined vascular and duodenal images, was 
4.0 by 3.5 cm. As to operability, we predicted 
that resection of the tumor might be feasible, 
because no invasive findings were noted in the 
other vessels, such as the dorsal pancrea-ic and 
inferior pancreaticoduodenal arteries. 

Laparotomy revealed the mass extending 
from the head of the pancreas towa-d the 
duodenal mucosa. Pancreaticoduodenectomy 
was performed. The size of the tumor, measured 
directly on cut section, was 4.5 by 3.5 cm. 
Adenocarcinoma of the pancreatic duet epi- 
thelium was the histologic diagnosis. 

Comment. In this patient, a diagnosis of car- 
cinoma of the pancreas could be made ty sim- 


ple arteriography alone, but combined roent- 
genography made it possible to demonstrate 
the extent and outline of the lesion. This con- 
trioutory information could not be gained by 
the simple summation of the findings noted on 
each roentgenogram separately. 


CASE II. A 45 year old female presented with 
jaundice of 13 months’ duration. On angiog- 
raphy, the posterior inferior pancreaticoduo- 
denal artery showed a ragged contour, indicative 
of carcinoma originating on the posterior sur- 
face of the head of the pancreas (Fig. 34). In 
this roentgenogram alone, the growth of the 
tumor could not be assessed, because tumor 
stzin was not visible. On combined duodenog- 
raphy, the destroyed mucosal margin along the 
lower descending and horizontal duodenum was 
noticeable (Fig. 38). By the combination of 
these vascular and duodenal images, the extent 
of the tumor could be evaluated, suggesting 
that the lesion was too far advanced to permit 
its radical resection. Figure 3C shows schematic 
illustration of this combined roentgenogram, 
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TUMOR 


Fic. 3. Case 11. (4) Simple arteriogram of a pa- 
tient with carcinoma of the head of the pancreas. 
The posterior inferior pancreaticoduodena! artery 
is invaded (arrow). (B) The duodenogram is 
combined. The mucosal margin along the lower 
descending and horizontal ducdenum is de- 
stroyed. By the combination of vascular and 
duodenal changes (arrows), the growth of tur or 
can be assessed. (C) Schematic illustration of the 
estimated extension of the tumor. 
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in which the outline of the tumor is estimated. 

Surgery revealed carcinoma arising from the 
lower portion of the head of the pancreas with 
metastasis to the pericholedochal lymph nodes, 
causing obstructive jaundice. Biliodizestive 
anastomosis was performed. 

Comment. 'The net size of this tumor could 
not be measured because the lesion was unre- 
sectable, but the location, extent and growth of 
the tumor shown in the combined roer tgeno- 
gram were correlated with those found at sur- 
gery. Thus, the complementary nature of the 
combined vascular and duodenal roer tgeno- 
grams contributed to a more accurate visual- 
ization of the lesion within the gland. 


Case ri. A 58 year old male had combined 
selective arteriography and hypotonic duo- 
denography for longstanding painless jaundice. 
As shown in Figure 4, the gastrodvodenal 





Fic. 4. Case 111. Combined roentgenogram of a pa- 
tient with carcinoma of the head of the pencreas. 
The upper descending duodenum reveals tubular 
constriction, which proves to be caused by the 
distended cystic artery (arrows), rather than by 
the infiltration of tumor. Medial deviatior of the 
gastroduodenal artery and irregular stenoss of the 
posterior pancreaticoduodenal arcade a-e also 
seen. 
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artery is deviated medially, the posterior pan- 
creaticoduodenal arcade is irregularly invaded, 
and the cystic artery is remarkably distended, 
indicating the presence of carcinoma of the 
pancreas. In the combined duodenogram, the 
upper descending duodenum exhibits tubular 
constriction, which proves to be caused by the 
distended cystic artery. Our diagnosis was car- 
cinoma of the head of the pancreas without 
duodenal infiltration, which was later confirmed 
by laparotomy. 

Comment. By use of the combined procedure, 
it could be suggested that deformity of the 
duodenum was due to compression by the en- 
larged gallbladder, rather than due to invasion 
by the tumor, because the distended cystic 
artery corresponded to the area with impressed 
duodenal margin. 


Case 1v. A 65 year old male was admitted to 
our hospital with slight jaundice and dull ab- 
dcminal pain of 3 months’ duration. On sim- 
ple arteriography, there was no pathology to 
indicate with confidence the diagnosis, except 
for the very meager findings in the finer 
branches of the pancreaticoduodenal arcades 
and distention of the cystic artery. Combined 
duodenography showed smoothly marginated 
double contour on the medial aspect of the 
descending duodenum, which corresponded to 
the area of the above mentioned minimal vascu- 
lar lesions (Fig. 5). The final diagnosis was 
carcinoma of the ampulla of Vater, for which 
pancreaticoduodenectomy was performed. The 
size of the tumor was 2.5 by 2.0 cm. 

Comment. On the angiogram, identification 
of finer tumor vessels in the pancreas 1s often 
difficult, even by use of the superselective and 
pharmacodynamic techniques. In this situation 
the simultaneously projected image of the 
duodenal mucosa is of considerable help to de- 
termine whether these subtle vessels are normal 
or pathologic. Assessment of these minimal 
findings cannot be made by the separately 
taken roentgenograms, because there is an un- 
expectedly wide variation in the relative posi- 
tion of the duodenum with respect to the pan- 
creatic vessels. As illustrated in this case, the 
slight abnormalities suspected by angiography 
could be further ascertained by the combined 
projection of the hypotonic duodenogram. 


Case v. A 69 year old male came to our 
clinic with the complaint of longstanding jaun- 
dice. Selective celiac angiography showed no 


402 





FiG. 5. Case iv. Combined roentgenogram of a pa- 
tient with carcinoma of the ampulla of Vater. The 
smoothly marginated double contour of the medial 
descending duodenum is revealed on the duo- 
denogram (black arrows), where slight changes in 
the finer vessels are shown (white arrow). 


evidence of abnormality along the vessels of the 
pancreas, gallbladder and liver (Fig. 677). On 
hypotonic duodenography combined with com- 
mon hepatic arteriography, no additional pa- 
thology was noticed in the duodenal mucosa or 
the finer vessels supplying the corresponding 
portion (Fig. 6B). The pancreaticoduodenal 
region was free of pathology. On laparotomy, 
no changes were found in the pancreas, duo- 
denum and extrahepatic biliary tract. Operative 
cholangiography also revealed normal appear- 
ance of the intrahepatic bile duct. The final 
diagnosis was cholangiolitic hepatitis, which 
was confirmed by the biopsied specimen of the 
liver. 

Comment. Even when there is no evidence of 
abnormality in the arteriogram, the angiog- 
raphers sometimes hesitate to say that there 1s 
no pathology present. By means of combined 
roentgenography, we were able to conclude 
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with conficence that this jaundiced patient was 
free of a pencreaticoduodenal lesion. 


DISCUSSION 


Despite the recent advances in gastro- 
enterologv, the early detection of car- 
cinoma of the pancreas is still a challenging 
problem. During the past decade, various 
attempts were made to define details of 
this elusive organ, and their diagnostic use- 
fulness has been compared with each other. 
Satisfactery information, however, could 
not be at-ained by use of only one method 
alone. Ea:on and his colleagues? performed 
several diagnostic procedures on the same 
patients with pancreatic disease. According 
to their results, the most appropriate ap- 
proaches for pancreaticoduodenal carci- 
noma appeared to be duodenography and 
angiography, the diagnostic accuracy of 
which was 75 and 80 per cent, respectively. 
Each technique has its own advantage and 
disadvantage, which can be supplemented 
and complemented by each other. On the 
basis of tae results obtained by the prelim- 
inary stedy, we began to use the new 
combination of arteriography and duo- 
denograpiy for all patients suspected of 
harboring pancreatic lesions. 

The usefulness of the combined roent- 
genogram can be summarized as follows. 

1. Precise location of the vessels supply- 
ing the pancreas can be identified by the 
simultaneous projection of the duodenal 
loop. 

As has been widely accepted, the anat- 
omy of the pancreatic vessels varies so 
much that it is difficult to assess the de- 
tailed localization of the lesion within the 
gland by the sole use of angiography. The 
combinec projection of the duodenal image 
is of greatest help, because the duodenal 
loop can reveal the profile of the head of 
the pancreas. 

2. The extent of the pancreatic lesion 
can be fzirly accurately estimated by the 
simultaneously projected vascular and du- 
odenal images. 

As already described in the previous 
report,’ there is an unexpectedly wide 
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Fic. 6. Case v. (4) Simple arteriogram of a patient with cholangiolitic hepatitis. There is no evidence of ab- 
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normality. (B) The hypotonic duodenogram is superimposed. No additional pathology is noted in the 


duodenal mucosa or the finer vessels. 


variation in the relative position of the pan- 
creatic vessels with respect to the ducdenal 
loop, even in the normal subject. For this 
reason, satisfactory information on the size, 
extent, form and growth of the lesion 
cannot be gained by the summation of the 
findings noted on 2 roentgenograms taken 
separately. 

3. Identification of the minimal abnor- 
malities suspected by angiography can be 
enhanced by the hypotonic duodencgram 
imaged on the same film. 

It is often confusing and perplexiag to 
interpret the subtle changes in the finer 
pancreaticoduodenal vessels. The simul- 
taneously projected duodenogram plays 
an important role when it is difficult to 
determine whether these vascular findings 
are pathologic or normal. 

4. Combined arteriography and duo- 
denography might enable the surgeon to 
devise the appropriate therapeutic plan. 


One cannot perform  pancreaticoduo- 
denectomy without severing the gastro- 
duodenal artery, the site of which can be 
distinctly predicted prior to surgery in the 
combined roentgenogram. The aberrant 
hepatic artery originating in the superior 
mesenteric artery is the most frequently 
encountered variation.®!° During operation 
upon the pancreas, an effort should be 
made to preserve this variant artery, be- 
cause it runs upward along the dorsal 
surface of the pancreas. The combined 
roentgenography makes it possible to re- 
veal the relative position of this variant 
artery with respect to the duodenum and 
pancreatic vessels. This information can 
help surgeons to plan the operative pro- 
cedure and to save time. For the selective 
demonstration of the aberrant hepatic 
and pancreaticoduodenal arteries, we use 
the technique with double catheters and 
vasoconstrictive agents, the details of 
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which were described previously." Apart 
from simplification of the operative prob- 
lems, angiography of the pancreas has addi- 
tional advantage and usefulness in the sur- 
gical field, which were also discussed in 
our previous reports. ?:1?.13.15.16 

Other combinations of 2 different pro- 
cedures have been attempted by some in- 
vestigators: the combination of cholangiog- 
raphy and splenoportography was reported 
by Miller e al., and Sato et al.8; the com- 
bination of duodenography and scintig- 
raphy by Baum and Howe, and McCarthy 
et al^; the combination of arteriography 
and cholangiography by Boijsen and Reu- 
ter?; and the combination of duodenog- 
raphy and cholangiography by Raita,’ and 
Baum and Howe.! All of these combined 
procedures have their specific advantage. 
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In comparison with them, our method ap- 
pears to be much safer and practicable, 
although some problems still remain. The 
following illustration suggests the advisa- 
bility of percutaneous cholangiography in 
combina-ion with the present arteriography 
and duodenography. Figure 7, 4 and B, 
shows the roentgenograms on which the 
vascular. duodenal and biliary systems are 
visualized simultaneously. This is the 
patient with carcinoma of the pancreas, 
who underwent choledochoduodenostomy 
prior to -he examination. The contrast me- 
dium infused into the duodenum entered 
the common bile duct through the anasto- 
mosis. A-teriography shows rough tapering 
of the common hepatic, gastroduodenal, 
superior mesenteric and aberrant right 
hepatic arteries and their branches; duo- 


1 


Fic. 7. (4) Combined roentgenogram of a patient with carcinoma of the pancreas. In addition to vascular 
invasion of the gastroduodenal artery and mucosal destruction of the duodenal margin, complete obstruction 
of the terminal bile duct (arrow) is simultaneously visualized. T us, the combination of vascular, duodenal 
and biliary images yields a clearer demonstration of the tumor extension. (B) The angiogram of the supe- 
rior mesenteric artery is superimposed. The remarkable infiltra-ion by the tumor is shown (arrows). The 
upper arrow indicates the invaded aberrant right hepatic artery. 
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denography demonstrates the deep filling 
defect with an irregularly eroded base, and 
sharp spicules along the concavity of the 
duodenal loop; and cholangiography dis- 
closes complete obstruction of the terminal 
bile duct. As a result, the boundaries of 
the tumor mass in the gland can be more 
distinctly delineated. Thus, combina-ion of 
3 different images on the same film might 
yield a further dimension of the rad ologic 
evaluation of the pancreas. 


SUMMARY 


Based on the facts specified in the pre- 
liminary study, we routinely made use of 
combined selective arteriography ard hy- 
potonic duodenography for the exemina- 
tion of patients suspected of harboring a 
pancreatic lesion. 

This diagnostic procedure is move ad- 
vantageous than the summation of the 
findings noted on 2 roentgenograms taken 
separately: precise location of the vessels 
supplying the pancreas can be ider tified; 
the extent of the pancreatic lesion can be 
visualized; minimal changes in the finer 
vessels can be confirmed; and an appropri- 
ate therapeutic plan can be estabuished. 
These facts were documented in a group of 
patients. 

The further addition of cholangiography 
to the combined selective arteriography 
and hypotonic duodenography is suggested. 


Takashi Suzuki, M.D. 

First Department of Surgery 
Kyoto University Medical School 
Sakyo-ku, Kyoto, Japan 
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CURRENT ASPECTS OF ULTRASONIC SCANNING 
OF THE PANCREAS* 


By J. BURGER and U. W. BLAUENSTEIN 


BASEL, SWITZERLAND 


ONOGRAPHY today affords a simple 

and reliable means of demonstrating 
various disorders of the upper abdomen, 
especially space-occupying lesions. The 
basic principles of the method and the 
particular points of our approach are ex- 
tensively described elsewhere.!:47 9.11,12 

Ultrasonic diagnosis readily supplies 
definite evidence of a pathologic process, 
but the interpretation of an abnormal 
ultrasonic scan presents difficulties. To 
interpret the scan it must be possible to 
sort out the topographic relationships and 
relate the pathologic structures to the vari- 
ous organs. 

Figure 1, 4 and B, illustrates the prob- 
lem by means of 2 simple examples: in both 
sonograms, showing transverse sections 
through the upper abdomen, there are 
dorsally the negative contrasts of the spine 
and the aorta; alongside these the zone of 
shadow dorsal to the stomach; and on the 
right the profiles of the liver and the right 
kidney. The pathologic evidence is unmis- 
takable in both sonograms, which are of 2 
different patients: the large approximately 
round clear area to the right in the abdo- 
men corresponds in both cases to a cystic 
tumor, the presence of which can be readily 
demonstrated by a sonar study. But to 
which organs are these 2 lesions to be as- 
signed? This is the question which brings 
us face to face with the difficulties of ultra- 
sonic diagnosis of the upper abdomen. In 
Figure 14, the complete series of cranio- 
caudal sections shows that the cyst is not 
directly connected with any of the organs 
demonstrable by sonography. Surgery re- 
vealed that what was involved was a sim- 
ple cyst of the falciform ligament. In Figure 
1B, serial sections show that the stalk of the 





I. Two examples of a cystic tumor in the right 
upper abdomen. (4) A cyst of the falciform liga- 


FIG. 


ment. (Æ) A pseudocyst of the pancreas. 

C= cyst: =liver; G=gallbladder; 
right kidney; A=aorta; V=vertebral column; 
SH=zone of shadow dorsal to the stomach: 
Arrow =stalk of the cyst running into the region 
of the pencreas. 

Both cf these sonograms, and all those that fol- 
low, are transverse sections through the upper 
abdome made with the patient in the supine 
position. The right side of the body is at the left of 
the scam. (Picker-Laminograph, Model 102, 
Option 3. Transducer 2M Hz.) 
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* From the Department of Medicine, University Hospital, Basel, Switzerland. 
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loculated cyst runs directly into the region 
of the pancreas. The diagnosis, or, more 
accurately the assignment of the stalk of 
the cyst to the pancreas, is possible only if 
the topography of the pancreas in the 
sonogram is known. The criteria used to 
describe the region of the pamcreas in 
sonography will be discussed. 


TOPOGRAPHY UNDER NORMAL CONDITIONS 


The most important landmark for topo- 
graphic orientation in the area of the pan- 
creas is the portal vein, which is shown by 
splenoportography in Figure 2. Its oblique 
course from caudal left to cranial right can 
readily be reconstructed on serial section 
scans. Figure 3 illustrates a normal ap- 
pearance.? The pancreas itself cannot be 
specifically visualized in the sonogram. It 
produces a diffuse, mosaic-like area of 
echoes in a triangle formed by the posterior 





Fic. 2. Normal splenic portogram illustrating the 
oblique course of the portal vein. Arrow —ramifi- 
cation of the portal vein in the left lobe of the 
liver (see Fig. 3, No. 1). 





Fic. 3. Topography in serial transverse sections of 


the upper abdomen under normal conditions: 
(1) section above the pancreatic region; (2) sec- 
tion through the body of the pancreas; and (3) sec- 
tion through the head of the pancreas. 

RL/LL=right/left lobe of the liver; RN= 
right kidney; VP=portal vein; A=aorta; VC= 
vena cava; W — vertebral column; SH=shadow 
zone dorsal to the stomach. 
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Fic. 4. Schematic drawing of the pancreatic region 
showing the ventral and dorsal half (VH/DH) of 
the sonographic compartments discussed in the 
text. 

L=liver; VP=portal vein; A=aorta; VC= 
vena cava; V=vertebral column. 


surface of the liver, the right margin of the 
stomach shadow, and an imaginary line 
drawn to the vena cava and the aorta 
(Fig. 4). This triangle we term the “sono- 
graphic pancreas region,’ provided the 
negative contrast of the portal vein is con- 
tained therein. At the level of the dody of 
the pancreas the portal vein lies directly 
ventral to the vena cava or ventrally and 
to the right of it; at the level of the head 
of the pancreas the portal vein lies more 
medially, as would be expected by reason 
of its oblique course (Fig. 2). In the trans- 
verse section, slightly cranial to the body 
of the pancreas, there is no visualization of 
the trunk of the portal vein, and at this 
level the section therefore lies outside the 
sonographic pancreas region (Fig. 3, No. 1). 
The ramifications of the portal vein in the 
liver are usually clearly visualized on this 
section. The zail of the pancreas is located, 
as a rule, in the shadow zone dorsal to the 
stomach and its outline cannot normally 
be defined. The triangle of the sonographic 
pancreas region can be divided into a 
ventral and a dorsal half, by drawing a 
transverse line half-way between the liver 
and the major abdominal vessels in the 
median line of the body (Fig. 4). A distinc- 
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tion between these 2 compartments is 
of practical importance, as will be seen 
later. In the ventral half lies the pancreas 
and in the dorsal half there are mainly the 
structure: of the root of the mesentery. The 
posterior surface of the pancreas lies im- 
mediatelv ventral to the portal vein. The 
head of -he pancreas envelops the portal 
vein on tae right almost as far as the vena 
cava. 

The fcilowing clinical examples, docu- 
mented by surgery or necropsy, show the 
usefulness of the topographic criteria we 
have formulated for the ultrasonic scanning 
of the paacreas region. 


DILATED PANCREATIC DUCT DUE TO A 
CARCINOMA OF THE PAPILLA 


In the ventral half of the sonographic 
pancreas -egion (Fig. 5) one can see a clear 
band ruraing from dorsal right to ventral 
left. This represents a markedly dilated 
pancreat- duct. The dilatation of this 
pancreati> duct is due to a carcinoma of 
the papilla, the negative contrast of which 
can be found in the right angle of the tri- 
angle formed by the sonographic pancreas 
region. The clear zone of the portal vein 
cannot be clearly distinguished from the 
tumor ccntrast. There are only rudimen- 





pea T I.S 
Fic. 5. Dil:ted pancreatic duct due to a carcinoma 
of the panilla. 

Arrow — indicates the long axis of the pancreas; 
RL/LL —right/left lobe of the liver; RK=right 
kidney; à— aorta; VC— vena cava; V = vertebral 
column; 5H — shadow zone dorsal to the stomach. 


tary traces indicating the vena cava. The 
distally obstructed pancreatic duct shows 
roughly the position of the long axis of the 
organ. 


ACUTE PANCREATITIS 


Acute inflammation (Fig. 6) produces a 
marked dilatation of the sonographic 
region, particularly in the ventral ha f. The 
diffuse mosaic-like echo pattern of tke pan- 
creas region appears coarse and more 
loosely formed owing to edematous infil- 
tration. Figure 6 is a transverse section 
through the body of the pancreas, -or the 
portal vein is relatively far to the r ght of 
the median line. 


FIBROSIS, NECROSIS 


Fibrotic change or necrotic destruction 
of pancreatic tissue Is acoustically more 
homogeneous than pancreatic parenchyma 
which is intact or shows little inflammatory 
change. Necrotic or fibrous areas thus ap- 
pear in the sonogram as clearly defined but 
irregular echo-free zones within th» pan- 
creas region. Their figural arrangement 
forms a negative image of the orgen and 
marks the topographic position of tke pan- 
creas in the transverse section. 

Figure 7 illustrates an example o! acute 
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Fic. 6. Acute inflammation of the pancreas 
RL/LL=right/left lobe of the liver; VP= 
portal vein; A=aorta; V=vertebral -olumn; 
SH = shadow zone dorsal to the stomach. 


Ultrasonic Scanning of the Pancreas 
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Fic. 7. Acute necrosis of the pancreas. 

,-liver; G=gallbladder (filled with stones); 
LK=left kidney; Na=abscess in the left abdo- 
men; Ny-necrotic body of the pancreas; A= 
aorta; VC = vena cava; V = vertebral column. 


necrosis of the pancreas. One can see the 
negative contrast of the necrotic body of 
the pancreas in the ventral half of the 
sonographic pancreas region. The abdom- 
inal cavity on the left is occupied by a large 
abscess extending from the liver to the left 
kidney. A secondary finding in this exam- 
ple is an enlarged gallbladder filled with 
stones.” 

In Figure 8 is demonstrated a typical 
scan during an acute inflammatory episode 





Acute inflammatory episode in chronic 
pancreatitis. 

L=liver; RK=right kidney; F —fibrotic area 
in the pancreas; A=aorta; VC— vena cava; V= 
vertebral column; SH 7» shadow zone dorsal to the 
stomach. 


Fic. 8. 
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Fıc. 9. Carcinoma of the head of the pancreas. 
L=liver; RK=right kidney; T=tumor of the 
head of the pancreas; VP=portal vein; A= aorta; 
VC=vena cava; V=vertebral column; SH= 
shadow zone dorsal to the stomach. 





in chronic pancreatitis. The fibrotic areas 
have the appearance of disseminated clear 
islands of irregular outline within the ven- 
tral half of the sonographic pancreas re- 
gion. This is markedly distended as a result 
of the acute inflammation. Differential 
diagnosis from necrosis of the pancreas is 
based on a follow-up study at intervals of 
several days during the course of the dis- 
eases. In fibrosis of the pancreas the sono- 
gram remains more or less constant, where- 
as in necrosis of the pancreas the tissue 
usually undergoes destruction/restitution 
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Fic. 10. Solid tumor in the body of the pancreas. 
L=liver; T=tumor of the body of the pan- 
creas; A=aorta; VC-— vena cava; V= vertebral 
column; SH 2 shadow zone dorsal to the stomach. 


J. Burger and U. 





W. Blauenstein OcTOBER, 1974 
which inereases/decreases from day to 
day. During an interval free from inflam- 
mation i- chronic pancreatitis, the pan- 
creas area often seems reduced in size by 
reason of the atrophied parenchyma. 


TUMORS OF THE HEAD, BODY AND TAIL 
OF THE PANCREAS 


The tcpographic criteria for evaluation 
of the pancreas region given at the begin- 
ning are also valid, particularly for tumor 
processes in the pancreas (Fig. 9; 10; 11; 
and 12). Solid and cystic tumors invariably 
appear as largely clear areas which are 
readily distinguishable from the diffuse 
écho patern of the pancreas region by 
their high contrast.5* 

A carc noma of the Zead of the pancreas 
is illustra-ed in Figure 9. The negative con- 
trast marking the tumor is located typically 
in the right angle of the sonographic pan- 
creas region, generally ventral to, or ventral 
to and oa the right of, the portal vein or 
the vena cava. As is consistent with the 
clinical law of Courvoisier, a dilated gall- 
bladder s also found sonographically in 
similar -ases with the same implica- 
tions.??!* The present example, however, 
shows th= condition after cholecystectomy. 

Figure 10 demonstrates the results of the 
scan when there is a solid tumor in the 
body of :he pancreas. The negative con- 
trast of -he portal vein is included in the 





FG. 11. Cz-cinoma of the tail of the pancreas. 
—]hnwer; RK — right kidney; T2 tumor of the 
tail of tre pancreas; VP — portal vein; A— aorta; 
VC = vena cava; V = vertebral column. 
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area of the tumor and is therefore not 
separately identifiable. The focus of the 
pathologic process is clearly located in the 
ventral half of the sonographic pancreas 
region, it Is, therefore, assignable to the 
pancreas, and is unrelated to extrapancre- 
atic retroperitoneal structures, whose focus 
would be in the dorsal half. 

Figure 11 shows a tumor in the area of 
the zail of the pancreas. Space-occupying 
lesions in the tail region of the pancreas 
which result in displacement of the stom- 
ach, and thus to an abolition or displace- 
ment of its shadow zone, can often be 
scanned by a ventral approach. From the 
position of the portal vein shown in Figure 
11, the level of the section of the present 
transverse sonogram is equivalent to a 
section through the body of the pancreas. 

The scan illustrated in Figure 12, No. 2 
is the same as in Figure 18—a pseudocyst 
of the pancreas in the region of its head. It 
should demonstrate that a precise topo- 
graphic analysis of the sonogram enables 
a reliable diagnosis to be made. Study of 
the complete craniocaudal series of rele- 
vant transverse sections (Fig. 12) shows 
clearly that the pedicle of the cyst defi- 
nitely runs into the body of the pancreas, 
and that what is involved here must be a 
cystic process of the pancreas region. 


DISCUSSION 


Our experience of the ultrasonic diag- 
nosis of disease of the pancreas can b2 sum- 
marized as follows: 

(A) The pancreas, which cannot be 
visualized by sonographic different ation, 
lies in the ventral half of the triargle of 
what is termed the sonographic pancreas 
region bounded by: (1) the postericr sur- 
face of the liver; (2) the right border of the 
zone formed by the stomach shadow; and 
(3) an imaginary line drawn to the major 
abdominal vessels. 

(B) Pathologic processes of the pan- 
creas which are marked by a broadening 
of the pancreas echo pattern or the ap- 
pearance of abnormal negative contrasts, 
have their focus in the ventral half of the 
sonographic pancreas region described. 


Ultrasonic Scanning of the Pancreas 





Fic. 12. Pseudocyst of the pancreas. Relevant trans- 
verse sections of the complete craniocaudal series. 
Congestion of the gallbladder. Cholestasis of the 
liver: (1) transverse section above the pancreatic 
region. Arrow=normal structures in the liver 
‘ramification of the vena portae); (2) section 
through the body of the pancreas. Arrow = pedicle 
of the cyst running in the body of the pancreas; 
and (3) section through the head of the pancreas. 


L=liver; RL/LL=right/left lobe of the liver; 
G=gallbladder; C=loculated cyst of the pan- 
creas; R=right kidney; A=aorta; VC= vena 


cava; V=vertebral column; SH=shadow zone 
dorsal to the stomach. 
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(C) In some cases sonographic follow-up 
made during the course of the disease is of 
crucial importance for diagnostic differen- 
tiation. 


SUMMARY 


Ultrasonic diagnosis readily supplies 
definite evidence of a pathologic process, 
but the interpretation of an abnormal 
ultrasonic scan presents difficulties. 

To interpret the scan, knowledge of the 
topographic criteria in assessing patho- 
logic findings is necessary. 

The cited clinical examples demonstrate 
the usefulness of the topographic criteria 
devised by us for the sonographic delinea- 
tion of the pancreas region. They illustrate 
the typical echo pattern of the following 
pancreatic diseases: (1) dilated pancreatic 
duct, carcinoma of the papilla; (2) acute 
pancreatitis; (3) fibrosis, necrosis; and (4) 
tumors of the head, body and tail of the 
pancreas. 


Dr. J. Burger 
Kantonsspital Bruderholz 
CH-4101 Bruderholz BL 


Switzerland 


REFERENCES 


I. BLAUENSTEIN, U. W. Die Ultraschallschnittbild- 
untersuchung am Oberbauch. Schweiz. med. 
Wchnschr., 1969, 99, 985-992. 


J. Burger and U. W 


to 


, 
-— 
. 


6. 


~ 
* 


IO. 


LI. 


Blauenstein OCTOBER, 1974 


. BravEssTEIN, U. W., and Burcer, J. Sono- 


graphische Darstellung einer Pankreasne- 
krose: Beitrag zur Ultraschall-lomographie 
der Pankreasregion. Deutsche med. Wcehnschr., 
1973. 96, 429-433. 

BLavrEssTEIN, U. W., and Burcer, J. Ultran- 
schal diagnostik palpabler Oberbauchtumore. 
Med. Welt, 1973, 24, 395-401. 

BLAUENSTEIN, U. W., Preiswerx, M., and 
Mr.LERn, H. R. Physik, Technik und Termi- 
nologie der Ultraschalldiagnostik. In: Ultra. 
scha.ltomographie. Edited by H. R. Müller, 
and U. W. Blauenstein. Benno Schwabe & 
Co., Basel, 1969. 

ENGEEHART, G., and BLavreNsTEIN, U. W. 
Ultrasound in diagnosis of malignant pan- 
creatic tumours. Gut, 1970, 77, 443-449. 

ENGELAaART, G. J., and BLaveusTEIN, U. W. 
Ultraschalldiagnostik von Tumoren der Pan- 
kreasregion. Méd. et Hyg., 1971, 29, 118-120. 

ENcELHaRT, G. J., and Biavenstein, U. W. 
Ultraschall-Diagnostik am Oberbauch. F. K 
Schattauer Verlag, Stuttgart, 1972. 


. ENGELaart, G. J., BLavuENsTEIN, U. W., and 


Burser, J. Ultraschall-Tomographie des 
Oberbauchsitus. Med. Welt, 1971, 22, 766-774. 


. Gonpow, D. Ultrasound As a Diagnostic and 


Surgical Tool. E. & S. Livingstone, Ltd., 
Edir burgh, 1964. 

WEILL, F., Ricatre, J. P., Prevotat, N., and 
BowwEviLLE, J. F. Sémiologie tomo-écho- 
graphique hépato-biliaire élémentaire. Ann. de 
radiel., 1970, 13, 567-578. 

We ts, P. N. T. The Physical Principles of 
Ultrasonic Diagnosis. Academic Press, Inc., 
London, 1969. 


. WELLs, P. N. T., Ultrasonics in Clinical Diag- 


nosis. J. & A. Churchill, Ltd., London, 1972. 





Vor. 122, No. 2 


SECONDARY GASTRIC MURAL ABNORMALITIES 
SIMULATING PRIMARY DISEASE IN ISOLATED 
CHRONIC LEFT SUBPHRENIC ABSCESS AND 
ISOLATED CHRONIC PANCREATITIS* 


By SAMUEL B. FEINBERG, M.D.,f and TIMOTHY E. TULLY, M.D.1 


MINNEAPOLIS, MINNESOTA 


XCEPT for a recent article! describing 

a relative posterior gastric wall sil- 
houette contour change in pancreatitis, 
there has been no reported study of mural 
changes of the stomach secondary to left 
upper quadrant chronic inflammatory dis- 
ease. There have been, however, numerous 
reports in the literature regarding pan- 
creatitis, pseudocysts of the lesser sac, and 
subphrenic abscesses, as they affect the left 
upper quadrant soft tissue shadows and 
extrinsically affect stomach and other 
intraperitoneal and extraperitoneal intes- 
tinal relationships. 

In this communication, no attempt will 
be made to review the classic extrinsic 
manifestations of the inflammatory changes 
demarcated by the relationships of the 
anatomic landmarks of the left upper 
quadrant, as has been described in the 
literature.?-!! 


BACKGROUND 


Obvious laboratory, clinical, or roentgen 
information may be overlooked until an 
isolated clinical problem acts as a catalyst 
for accurate interpretation and application 
of information which has been present but 
improperly interpreted or not observed, 
as is the case with the proverbial, primarily 
submerged iceberg. 

The catalyst in this study was a case 
that was followed by us for 6 months be- 
tween July, 1972 and December, 1972 be- 
fore the actual clinical history was elicited. 
This history then permitted the correct 
interpretation of a slowly progressing 


roentgen picture of hypertrophy of the 
mural and rugal pattern of the cardia, 
fundus, and upper one-third of the pars 
media of the stomach (Fig. 1, //-C) in a 31 
vear old chronically ill woman. Initially, 
the only available history was that of a 
partial small intestinal resection for re- 
gional enteritis with no clinical or roentgen 
evidence for recurrence. In spite of moder- 
ate weight loss, physical examination and 
laboratory studies were noncontributory. 
With the slowly worsening appearance of 
the rugal and mural pattern of the upper 
one-third of the stomach, there was obvious 
concern for the possibility of lymphosar- 
coma, reticulum cell sarcoma, or even in- 
filtrating adenocarcinoma unrelated to her 
known transmural enteritis. Endoscopy 
was normal in spite of the roentgen find- 
ings. When the accurate clinical record was 
finally obtained, the correct interpretation 
seemed obvious. The previous laparotomy 
was not uneventful; instead, it resulted in 
the demonstration of a left subphrenic 
abscess which responded to medical man- 
agement postoperatively. Thus, the diag- 
nosis of gastric induration secondary to 
the left upper quadrant subphrenic ab- 
scess was confirmed by laparotomy. 

This study was undertaken to determine 
whether the secondary gastric changes 
described above were chance findings or 
whether they are to be anticipated in a 
substantial number of patients who have 
had chronic left upper quadrant inflamma- 
tory disease as demarcated by the anatomic 
barriers described in the literature.?7" 


* From the Departments of Radiology, University of Minnesota Hospitals, t and Veterans Administration Hospital, Minneapolis, 


Minnesota. 
t Professor, Department of Radiology. 
1 Medical Fellow, Department of Radiology. 
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Fic. 1. (4) A 31 year old woman who had a laparotomy 18 months earlier for resection of small intestine 
granulomatous enteritis. Fundal lobular mass is seen through -he barium. (B) Lateral view of air-filled 
upper half of stomach taken at same time as 4 showing nodular involvement of the cardia and posterior 
wall of the pars media. (C) Six months later, nodular submucosal and over-all mural thickening has in- 
creased to a striking degree but is still limited to the upper half of the stomach. 


We reviewed cases of isolated chronic 
left subphrenic abscesses and isolated left 
upper quadrant chronic pancreatitis seen 
at the University of Minnesota Hospitals 
from 1968 to 1973. Pancreatitis is the more 
common entity encountered at the Uni- 
versity of Minnesota Hospitals. 


MATERIAL AND METHOD 


There were 16 cases of chronic isolated 
left subphrenic abscess: 4 did not have 
roentgen studies performed at this institu- 
tion; 2 had plain film roentgenograms 


which did show thickened folds of the 


stomach as well as other nongastric mani- 
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festations of subphrenic abscess; 5 had 
prominently abnormal mural and rugal 
folds of the upper third to upper one-half 
of the stomach (Fig. 1, Æ-C; and 2); 4 
had minimal to moderate fold de 
and 1 was normal. Thus out of Io gastro- 
intestinal studies, 50 per cent were strongly 
positive, 40 per cent were minimally to 
moderately positive, and 10 per cent were 
normal (Table 1). 

Eighty-six confirmed cases of isolated 
chronic pancreatitis in the left upper 
quadrant and lesser sac were reviewed. 
Thirty-eight had no roentgen examina- 
tions. Forty-eight cases of the group can be 
broken down as follows; 36 had routine 
gastrointestinal contrast medium exam- 
inations; 12 had plain film abdominal 
roentgenography, the latter of which had 
varying degrees of findings suggesting 
lesser sac and/or bed abnormality. None 
of these showed unequivocal gastric wall 
thickening. 

Of the 36 cases who had contrast me- 
dium studies, 21 had positive gastric 
findings (58.6 per cent), and 15 were roent- 
genographically normal (41.3 per cent) 
(Table 11). 

The 36 patients had a total of 52 con- 
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Fic. 2. Postoperative isolated chronic left subphrenic 
als with associated left pleural effusion. Gas- 
trointestinal examination shows submucosal nod- 
ular configuration of cardia, fundus, and contigu- 
ous pars media junction. 


trast medium studies performed during the 
course of their illnesses. Thirty-seven of the 
£2 examinations were positive. Of these 37 
cases, 10 (19.2 per cent) had striking mural 
thickening in the form of nodular or ser- 
pentine folds of the entire upper one-third 
to one-half of the stomach (Fig. 3). Twelve 
(23 per cent) had local hypertrophy of the 


TABLE I 


16 CASES OF ISOLATED CHRONIC LEFT SUBPHRENIC ABSCESSES: 1968-1973 





Moderately 




















Abdominal Scout 

















Strongly Positive yn Normal No Roentgen 
: Positive Roentgenograms i 
Gastrointestinal i ; Gastrointestinal ; i Studies at 
TA Gastrointestinal Findin Showing Gastric A EFTE 
B Findings ES Wall Thickening docs cda 
5 4 2 4 
TaBLe_ II 
86 CASES OF ISOLATED LESSER SAC AND LEFT UPPER QUADRANT 
CHRONIC PANCREATITIS: 1968-1973 
T Abdominal Scout 
Positive Normal ruine nates No Roentgen 
Gastrointestinal Gastrointestinal ale l Studies at 
ee B n Showing No Gastric " 
Findings Findings University Hospital 


21 is 








Wall Thickening 


12 38 


Is 


* 
| > ae. 
Fic. 3. Typical isolated chronic pancreatitis showing 

serpentine rugal hypertrophy of the upper half of 
the pars media and a lesser degree of involvement 
of the cardia and fundus. The lesser curvature is 
fixed by lesser sac induration. The greater curva- 
ture is fixed by inflammatory involvement of the 
gastrolienal and phrenicocolic ligaments. 


portion of the stomach in contact with the 
pancreatic bed or lateral left upper quad- 
rant including the gutter. One (1.9 per 
cent) had simple nonspecific rugal hyper- 
trophy. Fourteen (26.9 per cent) had posi- 
tive classical changes of pancreatitis such 
as widening and defacement of the duo- 
denal loop, spasm of duodenitis, pseudocyst 
gastric displacement, pancreatic necrosis, 
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and pancreatic calculi, but they did not 
have the mural gastric abnormality de- 
scribed above. Fifteen (28.3 per cent) were 
normal (Table 111). 


ROENTGEN FINDINGS 


The contrast medium roentgenographic 
findings zan be simply described as being 
those of submucosal and mural nodular 
to serpentine gastric wall thickening in the 
area contiguous to and with the zone of 
chronic inflammatory disease in the left 
subphrenic space or the lesser sac, demar- 
cated by the transverse mesocolon below 
and extending laterally to the gutter as 
demarcated inferiorly by the phrenicocolic 
ligament. 

One might find differentiation between 
extensive chronic pancreatitis or sub- 
phrenic <bscess induced gastric induration 
difficult, but based on the Io severe pan- 
creatitis cases and the § severe subphrenic 
abscess cases, we feel that not only the 
diagnosis of induration 1s possible, but also 
that the site of origin of the extragastric 
inflammetion is probably determinable as 
well. 

In the subphrenic abscess cases, the 
findings were more localized to cardia and 
fundus (Fig. 1, 4-C). The mucosa per se 
was not disrupted or ulcerated. The rugae 
were mo-e nodular (Fig. 2) and the wall 
was more likely locally thickened in a cir- 
cumferential fashion. The pars media was 
less invelved and extended primarily no 
further than the upper third thereof. 

In the pancreatitis cases, the gastric in- 
volvement seemed more extensive but 
more prominent along the lesser curvature, 


TABLE III 


TOTAL OF 52 GASTROINTESTINAL STUDIES IN 36 PATIENTS WITH ISOLATED LESSER 
SAC AND LEFT UPPER QUADRANT CHRONI© PANCREATITIS 
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posterior wall, and greater curvature as- 
pect of the stomach (Fig. 3), even though 
the folds per se were less thickened and less 
abnormal in the cardia and fundus than in 
the pars media. The fold and mural pat- 
terns appeared less nodular and more 
longitudinally serpentine than in the iso- 
lated abscess cases. 


DISCUSSION 


Although there have been many reports 
published in the literature on the subject, 
only Balthazar! has recently described an 
actual gastric silhouette change in pan- 
creatitis. Others’-* have confined their 
observations to the classical extragastric 
manifestations. 

Knowledge of the anatomy of the area is 
essential in order to understand the limita- 
tions of involvement of the proximal 
stomach as described above. The relation- 
ships between the left subphrenic space, 
left lobe of the liver, spleen, gastroesopha- 
geal junction, stomach, lesser sac, trans- 
verse colon, transverse mesocolon, and 
phrenicocolic ligament have been superbly 
described in many publications®—! and will 
not be repeated here. Nevertheless, as 
stated, this understanding is essential for 
the recognition of the fact that an extrinsic 
chronic inflammatory process confined to 
the left upper quadrant compartment can 
be responsible for causing extramucosal 
mural involvement of the stomach which 
might be mistaken for tumors such as 
lymphosarcoma, reticulum cell sarcoma, 
or carcinoma. 

Even though these neoplastic changes 
can involve the upper confines of the 
stomach, the limitation to this quarter in 
an obvious case of inflammation, or in an 
unknown case as was described earlier in 
this report, will serve the examiner as a 
possible clue for inflammation due to the 
inability to extend below the level of the 
transverse mesocolon or phrenicocolic liga- 
ment as demarcation planes. In generalized 
neoplastic involvement, extension is prob- 
able. Benign giant rugal hypertrophy, 
Menetrier's disease, extrinsic neoplastic 
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invasion permeating the gastric wall, non- 
specific or phlegmonous gastritis, etc., 
would have to be considered in the differ- 
ential diagnosis, but the distribution of the 
zone of involvement would be quite dif- 
ferent and more generalized. This is ex- 
clusive of the obvious differences in clinical 
histories for varying entities mentioned 
above. 


CONCLUSION 


As based on this study, the authors be- 
lieve that by combining anatomic knowl- 
edge, clinical history, laboratory findings, 
and roentgen studies, one might be able to 
avoid the erroneous diagnosis of primary 
gastric disease when large nodular to ser- 
pentine folds are found at the level of the 
gastric cardia, to and including the fundus 
and upper pars media as demarcated in- 
feriorly by the transverse mesocolon and 
phrenicocolic ligament attachments. This 
distribution should alert one to the possi- 
bility of chronic isolated left upper quad- 
rant inflammatory disease, such as sub- 
phrenic abscess or chronic pancreatitis 
limited to the pancreatic bed and left 
upper quadrant. 

In our 5 year University of Minnesota 
Hospitals study, the 86 cases of chronic 
pancreatitis whose extension was limited 
to the left upper quadrant and the 16 cases 
of isolated left subphrenic abscess confirm 
this theory. 

In the future we hope to analyze second- 
ary intestinal tract effects in other ab- 
dominal quadrants associated with chronic 
infection. 


Samuel B. Feinberg, M.D. 
Department of Radiology 
University of Minnesota Hospitals 
Minneapolis, Minnesota §5455 
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ANGIOGRAPHY OF SPLENIC ABSCESSES* 


By RICHARD P. JACOBS, M.D.,t JON D. SHANSER, M.D.,f DONALD L. LAWSON, M.D., 
and ALPHONSE J. PALUBINSKAS, M.D. 


SAN FRANCISCO, CALIFORNIA 


JANGIOGRAUHY has been sparsely ap- 

plied to the diagnosis of splenic ab- 
scess, In 1964, Zatzkin and co-workers!’ 
reviewed the roentgenologic findings of 
splenic abscess: angiography was not in- 
cluded among the diagnostic procedures. 
Rósch,? in his 1967 monograph on roent- 
genology of the spleen and pancreas stated, 
“The arteriographic appearance of splenic 
abscess has not yet been described....” 
Not until 1972 were the angiographic find- 


ings of splenic abscess, in 2 cases, initially. 


reported.?*.5 

To some extent, the angiographic de- 
scription is. little known because abscess 
of the spleen is uncommon. Reid and Lang? 
reviewed data from several large series of 
postmortem examinations from the pre- 
antibiotic era and found the incidence of 

splenic abscess to be between 0.2 and 0.7 
per cent. Recently, Altemeier ef al! re- 
viewed their experience with 540 intra- 
abdominal- abscesses and reported none 
occurring in the spleen. Nevertheless, it is 
our experience that patients with sus- 
pected inflammatory disease of the left 
upper quadrant of the abdomen are exam- 
ined angiographically with disproportion- 
ate frequency. This is a reflection of the 
limitations of routine procedures in diag- 
nosing abnormalities of the spleen and of 
the complicated milieu in which abscesses 
arise. In the last 2 years, we have studied 4 
patients angiographically’ in Whom ‘splenic 
abscesses were subsequently proved sur- 
zically. 

The purpose of this paper is to demon: 
3trate thoroughly the angiographic appear- 
ance of splenic abscesses and to promote 
the use of angiography in preoperative 
2valuation. 


REPORT OF CASES 


CASE I. A 20 year old man sustained a gun- 
shot wound to the abdomen resulting in multi- 
ple fistulae and abscesses. Despite several opera- 
tions and intensive antibiotic therapy, his fever 
persisted. Physical examination and routine 
roentgenographic studies indicated a left sub- 
phrenic abscess. Abdominal angiography was 
performed for further evaluation of the left 
upper quadrant prior to surgical treatment. 

A splenic arteriogram (Fig. 1,7) demon- 
strated splenomegaly with displacement and 
stretching of splenic arterial branches around a 
6.0 cm., avascular mass in the lower pole of the 
spleen. In the parenchymogram phase (Fig. 
1B), the avascular space showed irregular 
margins. -The venous phase was normal. No 
subphrenic space was seen. Splenectomy dis- 
closed a 461 gm. spleen with a thick-walled 
abscess in the lower pole, 6.5 cm, in diameter. 


CASE II. A $5 year old woman with a history 
of rheumatoid arthritis, Sjógren's syndrome, 
and Felty's syndrome was evaluated for per- 
sistent fever. She had taken steroids for 10 
years. A Tc??" sulfur colloid scintiphotogram 
of che liver and spleen: showed splenomegaly 
and multiple focal splenic defects. The excre- 
torv.urogram demonstrated a mass in the upper 
pole of the left kidney. The patient was thought 
to have widespread lymphoma. 

Renal angiography revealed a pseudotumor 
of the left kidney. A splenic angiogram (Fig. 24) 
showed massive splenomegaly with elongated, 
intrasplenic arteries. Two avascular zones 
measuring'2-to'4 ‘cm. in. diameter were ‘also 
noted. The parenchymogram (Fig. 2B) showed 
the indistinct margins „of the 2 masses. The 
venous phase was normal. 

Splenectomy disclosed a 1,077 gm. spleen 
with 3 abscesses, 2 of which corresponded to 
the avascular zones demonstrated angiographi- 
callv. Not seen angiographically was a 1 cm. 
abscess in the lower pole. Several small periph- 


* From "M Department of Radiology, University of California School of Medicine, San F rancisco, California. ` 
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Fic. 1. Case 1. (4) Arterial phase of splenic arteriography showmg stretched splenic branches in lower pole 
(arrows). (B) Late arterial early capillary phase showing avascular mass in lower pole with vague margins 


(arrowheads and question mark). 


erál infarcts and diffuse extramedullary hemato- 
poiesis were present. 


CasE 11. A 32 year old male heroin addict 
was experiencing abdominal pain and fever. 
Physical examination and routine roentgeno- 
graphic procedures indicated ascites, left pleural 
effusion, splenomegaly, and gastroesophageal 
varices.  Paracentesis and  thoracocentesis 
yielded sanguinous fluid, which was sterile. A 
Tc??? sulfur colloid scintiphotogram of the 
liver and spleen confirmed the splenomegaly 
and revealed a splenic defect of the upper pole. 

On the fifteenth hospital day, the patient 
developed high fever and acute pain in the left 
upper abdominal quadrant. For further evalu- 
ation of the left upper quadrant, angiography 
was performed (Fig. 34), which confirmed 
splenomegaly and demonstrated a 7X 10 mm. 
aneurysm of a splenic arterial branch of the 
upper pole. An avascular space (Fig. 38) sur- 
rounded the aneurysm and nearby arteries were 


displacec. Splenic veins were intrinsically nor- 
mal but drained to multiple collateral veins, 
reflecting the patient's known portal hyperten- 
sion and hepatofugal blood flow. 

A 589 gm. spleen was surgically removed. A 
4X5 cm. necrotic cavity containing a mycotic 
aneurysm and several small abscesses replaced 
the upper pole. 


Case 1v. A 23 year old male heroin addict 
with a p-evious history of acute bacterial endo- 
carditis was admitted to the hospital with 
shaking chills and pain in the left upper quad- 
rant of the abdomen. A midabdominal mass 
was palpated. Blood cultures were positive for 
Group D streptococcus and Streptococcus 
viridans. A Tc?™ sulfur colloid scintiphotogram 
of the | ver and spleen showed a marked de- 
crease in spleen size compared with a similar 
study done g months before. Focal defects noted 
previously were no longer present. Routine 
roentgenograms of the abdomen revealed a 
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Fic. 2. Case 11. (4) Arterial phase of splenic arteriography showing splenomegaly (note relation to lumbar 


Angiography of Splenic Abscesses 


vertebrae and left iliac crest) and stretched branches throughout the spleen. (B) Late arterial, early venous 
phase shows 2 avascular zones with indistinct margins (arrowheads and question mark). 


mass in the left upper quadrant. 

Angiographic evaluation of the left upper 
quadrant mass showed the celiac axis to be 
compressed by the median arcuate ligament; 
an aneurysm of the superior mesenteric artery 
was also seen. Splenic arteriography (Fig. 4, 
A and B) demonstrated splenomegaly and a 
large, central, avascular, splenic mass with 
shaggy walls displacing intrasplenic branches. 
The venous phase was normal. 

Subsequent laparotomy confirmed a mycotic 
aneurysm of the superior mesenteric artery. A 
large spleen was removed, which contained a 


central necrotic mass consisting of 700 ml. of 
pus. 


DISCUSSION 


The clinical findings are summarized in 
Table 1. All 4 patients had underlying 
abnormalities contributing to infection. 
None had evidence of splenic trauma, al- 
though splenic injury in Case 1 could not be 
absolutely excluded. None had evidence 
of extension of infection from contiguous 
structures (stomach, colon, left kidney). 
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Fic. 5. Case ur. (£) Arterial phase of splenic angiography showing splenomegaly (note relative size of spleen 
to vertebral bodies), mycotic aneurysm (large arrow), and stretched branches (arrowheads). (B) Capillary, 
early venous phase showing avascular zone in upper pole (arrowheads) and large collateral venous channels 


(large arrow). 
-«—9K 
TABLE Í 
SUMMARY OF CLINICAL FINDINGS 
C Age, Sex Predisposing Major Signs and Clinical Diagnosis Organisms in 
iis (yr.) Abnormalities Symptoms before Angiography Splenic Abscess 
I 20,M Gunshot wound of Persistent fever of Left, subphrenic Escherichia coli, other 
abdomen withfis-* occult source abscess undefined gram 
tulae and ab. negative rods 
scesses 
II 55,F Rheumatoid arthri- Persistent fever, Lymphoma, lym- Escherichia coli, spe- 
i tis, Sjögren’s syn- splenomegaly phosarcoma cies of Aspergillus 
drome, and Felty’s (seen microscopi- 
syndrome—pa- cally but not cul- 
tient receiving tured) 
corticosteroids 
- III 32,M Heroin addict Fever, bloody ascites, Cirrhosis with por- No growth (patient 
splenomegaly tal hyperten- receiving antibiot- 
sion, (?) splenic ics) 
infarction 
IV 23, . Heroin addict, sub- Fever, abdominal Mesenteric abscess, Streptococcus viridans 
acute bacterial mass splenic abscess and Group D strep- 
endocarditis or infarction tococcus 


. Hence, hematogeneous dissemination of 
bacteria to the spleen is believed to be the 
source of the splenic abscesses in our series. 

The angiographic findings in our patients 
were remarkably similar (Table 11). Spleno- 
megaly and an irregular avascular mass 
within the spleen were invariably present; 
the borders of the mass were shaggy. 
Stretched splenic- branches reflected the 
2xpansile nature of the splenic abscess. 
There was no rim of increased staining 
around the abscesses or hypervascularity.9? 
No arterial encasement or pooling of con- 
crast material was noted. Splenic veins 
were normal. 

Although these findings are not diag- 


+E 


nostic of splenic abscess, several deserve . 
special attention. The irregular margins of 
the defects were evidence against the 
diagnosis of simple splenic cyst.? Hydatid 
cysts of the spleen have a rim of increased 
density during the parenchymal and ve- 
nous phases of the angiogram; this was not 
seen in our reported abscesses.’ We could 
not, however, distinguish the abscesses 
from large, acute hemorrhagic infarctions 
or avascular metastases to the spleen.? 


SUMMARY 


The criteria outlined and summarized in 
Table 11 show no single observation diag- 
nostic of splenic abscess. 


FIG. 4. Case rv. (4) Arterial phase of splenic angiography showing branches displaced and stretched (arrows). 
(B) Capillary phase showing avascular space with ill-defined (question mark) margins (arrows). 
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TABLE II 


ANGIOGRAPHIC FINDINGS IN SPLENIC ABSCESSES 


Accumulations 





Avascular NA Abnormalities of Contrast 
Case Splenomegaly Intrasplenic M ie of Venous Medium or Mycotic Aneurysm 
Masses "pus Phase Abnormal 
Stain 
I Moderate (461 One (6.0 cm. in Ill-defined, shaggy None None None 
gm.) diameter) 
II Severe (1,077 gm.) Two (2-4 cm. in Vague, irregular None None None 
diameter) 
III Moderate (589 One (4.5 cm. in Vague, irregular Nore None One, splenic (8X10 
gm.) diameter) mm.) 
IV Severe (approxi- One (9 cm. in di- Vague, irregular None None One (superior mesen- 
mately 1,000 ameter) teric artery) 
gm.) 
This constellation of findings, however, masses. Angiology, 1972, 23, 316-328. 


Gourd, H. R., CiremMett, A. R., and Rossi, P. 
Raciologic diagnosis of splenic metastasis. 
Aw. J. RoeENTGENOL., Rap. THERAPY & 


C 
: 


in the context of a known abdominal in- 
flammatory process, is quite helpful in 


differentiating a splenic abscess from other NveLEAR MED., 1970, 709, 755—760. 
avascular intrasplenic masses. If the pa- 4. LePase, J. R., Pratt, A. D., JR., MIALE, A., 
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IMMUNOLOGY AND RADIOLOGY 


IKE radiology, immunology had its be- 
ginnings in empirical procedures, and 
also like radiology, it has blossomed into a 
field which encompasses almost all of medi- 
cine. This efHorescence waited from the 
time of Jenner until means of identifying 
and quantitating the protein and glyco- 
protein fractions of the blood became possi- 
ble and practical. In addition to the 
sophisticated physical, chemical, and iso- 
tope procedures used in investigation and 
diagnosis, other methods, such as electron 
microscopy, have become indispensable for 
evaluation of some of the diseases due to 
disturbance in the immune globulin frac- 
tions of the body fluids. For example, dem- 
onstration of lesions in the basement mem- 
brane of the renal glomerulus may be only 
adumbrated by light microscopy, but is 
clearly shown with an electron microscope. 
The significance of the whole field has been 
emphasized by the recent award of a Nobel 
prize in 1972 to Edelman and Porter for 
elucidating the peptide structure of the 
immunoglobulins. 

Immunity is mediated by cellular or hu- 
moral mechanisms, and both are closely 
associated with circulating lymphocytes. 
Cellular immunity 1s produced through the 
effect of lymphocytes which have been pro- 
cessed by the thymus, T-lymphocytes; hu- 
moral immunity is produced by the effect 
of immune globulins, some of which are 
bound to the surface of lymphocytes which 
have not been so processed, B-lympho- 
cy tes, from bone marrow, and of the plasma 
cell series. Each lymphocyte stains for only 
one immunoglobulin class, and 5 different 
immunoglobulins have been isolated: IgG, 
IgA, IgM, IgD, and IgE. Each of these im- 


munoglobulins is elaborated by a single 


clone of lymphoid cells, or of the plasma 
cells into which it has differentiated. 

Each :mmunoglobulin molecule is made 
up of a large number of amino acids, ar- 
ranged in 4 specific peptide chains, 2 quite 
large, called heavy chains, and 2 much 
shorter, called light chains. The heavy 
chains are principally responsible for the 
specific chemical, physical and immuno- 
logic properties of the immunoglobulin. 
There are thus 5 types of heavy chain, 
called gamma, alpha, mu, delta, and epsi- 
lon, appropriately and respectively. There 
are only 2 types of light chain. In multiple 
myeloma the 4 chains of the immunoglobu- 
lin molecule occasionally dissociate: the 
light chains are excreted through the kid- 
neys, form casts in the tubules, and appear 
in the urine as the unusual substance recog- 
nized as Bence Jones protein since 1848. 

The total amount of immunoglobulin in 
normal circulating blood varies considera- 
bly according to the type of globulin. About 
10-20 per cent of circulating lymphocytes 
normally carry surface bound immuno- 
globulins, and of these, about two-thirds 
carry IgM, and one third IgG. Of the im- 
munoglobulin in the serum, 80 per cent is 
IgG. IgA, on the other hand, is the domi- 
nant type in secretions, gastrointestinal, 
respiratory, and renal. Thus, different dis- 
eases lead to the appearance of abnormal 
proteins in different body fluids. Since the 
immunoglobulins are elaborated by cells of 
the plasma cell series, many of the dis- 
turbances in immunoglobulins are associ- 
ated with abnormal numbers of these cells 
in the circulating blood or marrow. These 
abnormalities may be due to: deficiency; 
specific or monoclonal increase, involving 
only 1 type of Ig; or polyclonal, nonspecific 
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Increase, involving several classes of Ig; and 
the increase may include normal or abnor- 
mal proteins. 

Diseases associated with immunoglobulin 
deficiency are primary or secondary and 
the classification of the various forms is 
difficult and incomplete. In this issue of the 
Journat, Dr. Marshak and his co-authors! 
discuss these deficiency problems in rela- 
tion to the gastrointestinal tract. 

The classical immunoglobulin disturbance 
is multiple myeloma, of the polyclonal 
type, with increase in IgG and IgA, usu- 
ally.? While the proliferation of the plasma 
cell series leads to the characteristic bone 
changes and the anemia, it is the immuno- 
globulin itself which leads to the renal 
problems referred to. In addition to the 
proteinuria, there are more fundamental in- 

.sults to the kidney. The antigen-antibody 
complex and associated complement frac- 
tions are precipitated in the basement 
membrane of the renal glomerulus,’ inter- 
fering significantly with function. The ex- 
tent of the precipitation cannot be deter- 
mined ‘by light microscopy, but requires 
electron microscopy for evaluation. The 
danger of intravenous urography in the 
presence of multiple myeloma is well 
known, and was the subject of a previous 
editorial in these pages.’ 

Closely related to multiple myeloma is 
Waldenstróm's macroglobulinemia, in 
which there are abnormal amounts of IgM 
in the blood, produced by activated lym- 
phocytes, immature forms, and plasma- 
cytid lymphocytes. Some of the significant 
manifestations of the disease are due to the 


1 MazsHAK, R. H, Hazzi, C., Linpner, A. E, and Ma- 
xLoNsKY, D. Small bowel in immunoglobulin deficiency syn- 
-dromes, Am. J. ROENTGENOL., Ran. THERAPY & NucirAz MeD., 
1974, 122, 227-240. 

1 Osserman, E. F. Multiple Myeloma and Related Plasma Cell 
-Dyscrasias in Immunologic Diseases. Edited by Max Samter. 
Second edition. Little, Brown & Company, Boston, 1971, pp. 
520-547. 

3 FEDERMAN, D. D. In case records of the Massachusetts Gen- 
2ral Hospital. New England J. Med., 1974, 291, 242~249. 

4Guran, R. A. Sraixer, G. E, GiLuILaND, B. C., and 
Corer, R E. The immune complex glomerulonephritis of bac; 
terial endocarditis. Medicine, 1972, 57, I-25. 

! Levcuria, T. Multiple myeloma and intravenous pyelography. 
Editorial Au. J. RogwrGENOoL, Rap. THerapy & NucigAx 
MED., 1961, 45, 187-189. 
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hyperviscosity of the blood due to the pres- 
ence of the globulin. The hyperviscosity 
leads to hemostatic abnormalities: epis- 
taxis, retinal hemorrhages, and gastro- 
intestinal bleeding. Cellular proliferation 
leads to lymphoid organomegaly which is 
also a feature of this monoclonal abnor- 
mality. 

Some immunoglobulins precipitate out of 
solution at temperatures below normal 
body temperature and are called cryoglobu- 
lins. This precipitation results in Raynaud’s 
phenomenon in some patients, or in depen- 
dent purpura, or vasculitis, in others. Ab- 
normal values of circulating immunoglobu- 
lins have been found in many diseases.pre- 
viously thought to be unrelated. Some of 


these are systemic lupus erythematosus, 


rheumatoid arthritis, Goodpasture's syn- 
drome, Sjógren's disease,’ amyloidosis, 
sarcoidosis,® the Henoch-Schénlein syn- 
drome,’ and certain neoplasms, such as 
those of the colon, prostate, breast, and 
lung.? In many of these situations, it is 
only one of the classes of immunoglobulins 
which is involved. 

Recently, since quantitative studies have 
become possible, and since detection of 
various subclasses of the 5 main classes 
have been identified, it appears that some 
diseases are manifestations of the presence 
of only fractions of the immunoglobulins; 
usually the heavy chain fraction. The pres- 
ence of specific fractions is associated with 
various different clinical abnormalities. 
Thus, heavy chain disease of the gamma 
class is accompanied by lymphoprolifera- 


5 ScuxEn, R. L., and Grossman, M. A. Immune aspects of the 
glomerulonephritis associated with pulmonary hemorrhage. Ann. 
Int. Med., 1964, 60, 1009-1021. 

? VAN Boxe, J. A, Hanoi, J. A, Green, I, and PauL, 
W. E. Multiple heavy-chain determinants on individual B 
lymphocytes in the peripheral blood of patients with Sjógren's 
synd-ome. New England J. Med., 1973, 289, 823-827. 

*¥acad, M., BapALík, L., Vinsix, K., Rovensx’, J., and 

TNaNn, D. Die Niveaus der Immunoglobuline bei Sarkoidose. 
Wien. klin, Wehnschr., 1974, 86, 333-325. 

* Evans, D. J., Wirittams, D. G., Perers, D. K., Sissons, 
J. G. P., Boutron-Jowrs, J. M., Oac, C. S., Cameron, J. S., and 
HorrszAwxp, B. I. Glomerular deposition of properidin in 
Henoch-Schinlein syndrome and idiopathic focal glomerulo- 
nephritis. Brit. M. F., 1973, 3, 326-328. 

19 SOLOMON, À., and McLavonLrx, C. L. Immunoglobulin dis- 
turbances and their clinical“ significance. Med. Clin. North 


America, 1973, 57, 499-516. 
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tive disorders, with enlargement of the 
spleen, liver, and lymph nodes, and with 
edema of the uvula and palate. Alpha 
heavy chain disease is characterized by 
malabsorption, chronic diarrhea, steator- 
rhea, weight loss, and invasion of the small 
intestine with mature plasma cells and lym- 
phocytes. The disease may go on to involve 
the respiratory tract similarly. This con- 
stellation is no doubt associated with the 
overwhelming presence of IgA (and its 
component alpha heavy chains). This type 
of globulin is found in the gastrointestinal 
and respiratory tracts, rather than in 
serum. One patient with this clinical pic- 
ture, including diffuse lymphomatosis of 
the gastrointestinal tract, has been found 
to produce immunoglobulin principally a 
subclass of IgG, rather than IgA." In 
chronic lymphatic leukemia there is an ex- 
cess of the mu heavy chains. Staining of 
the cells has shown that some of the im- 
munoglobulin is surface bound to the lym- 
phocytes in chronic lymphatic leukemia, 
while in acute lymphoblastic leukemia no 
surface bound immunoglobulin has been 
found.? 'This dissimilarity suggests that 
chronic leukemia occurs among the B.cell 
lymphocyte population and acute leukemia 
occurs in the T-cell population. 

Further investigation of immunoglobu- 
lins will probably have additional practical 
importance from an entirely different point 
of view. In some patients with abnormal 
circulating immunoglobulins, who had been 


1 Kopeć, M., Swierczysxa, Z., Pazpur, J., Lurt, S., 
PracHEKA, M., Danska, M., Guinska, D., and Wozniczko- 
Ortowska, G. Diffuse lymphoma of the intestines with a mono- 
clonal gammopathy of the IgGs Kappa type. 4m. ¥. Med., 1974, 
56, 381-385. 

2 Nartvic, J. R., and Kunxet, H. G. Human Immunoglobu- 
lins: Classes, Subclasses, Genetic Variants, and Idictypes. In: 
Advances in Immunology. Edited by F. J. Dixon, and H. G. 
Kunkel. Academic Press, New York, 1973, pp. 1-59. 
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followed over a period of many years, mul- 
tiple myeloma developed only after an in- 
terval as long as 13 years.? Furthermore, 
close monitoring of the Ig blood levels in 
patients wrth known multiple myeloma has 
led to the ability to predict relapses in some 
cases." Since elevation of the abnormal 
globulin level precedes clinical evidence of 
disease by many days, a relapse can be pre- 
vented by appropriate treatment given on 
the basis of the Ig blood levels before there 
are any other indications of the imminent 
relapse. Also, it has been noted that in 
those malignant lymphomas in which the 
patient presents an excess of gamma heavy 
chains, bone involvement does not occur as 
a compl cation,? eliminating the need to 
search fcr this danger. 

Work of this type is being carried out in 
many ceaters, in many countries. Recently, 
the burgeonning information has required 
standardization, because of its quantity, 
and a vniform terminology is being de- 
veloped through the World Health Organi- 
zation. The vital significance of this field in 
the question of organ transplantation has 
not even been touched on here, but its sig- 
nificance is obvious. The immune mecha- 
nism is a most sensitive means for the body 
to recognize environment, as exemplified in 
foreign protein, and to differentiate this 
from native protein. Recently Sir Peter 
Medawar aptly characterized the whole 
field of immunology as the “biology of self 
recognit on." ^ We anticipate that from 
this field there will be more and more in- 
formaticn which will become of significance 
for the radiologist. 

E. FREDERICK Lang, M.D. 


8 ELLMAN, L. L., and Biocn, K. J. Heavy chain disease. New 
England J. Med., 1968, 278, 1195-1201. 

M Sympos um. Clinical Immunology and the Physician. Proc. 
Roy. Soc. M*d., 1974, 67, 525-580. 
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NEWS 


AMERICAN SOCIETY OF THERAPEUTIC 
RADIOLOGISTS (ASTR) 

The 16th Annual Meeting of the Ameri- 
can Society of Therapeutic Radiologists 
will be held at Sonesta Beach Hotel, Key 
Biscayne, Florida from Thursday, October 
31, to Sunday, November 3, 1974. 

A very elaborate program has been ar- 
ranged. This includes: Residents Radiation 
Biology Breakfast Seminars on Thursday, 
Friday and Saturday, and ASTR Members 
Breakfast Business Meetings on Thursday, 
Friday, and Saturday. 

There wil be 2: Panel Discussions on: 
(1) "Carcinoma of the Ovary," Thursday; 
and (2) "Radiation Effects in Critical Dose- 
Limiting Tissues,” Sunday; and 2 Sum- 
mary Lectures on; (1) Ongoing Clinical 
Trials Involving Radiation Therapy, Fri- 
day; and (2) The Pathology of Tumors of 
the Central Nervous System, Saturday. 

Twenty-four proffered papers have been 
scheduled for Thursday and Friday fore- 
noon. On Saturday, 2 parallel Sessions will 
be held :,a-Session of 14 proffered papers on 
"Radiation Therapy and Allied Fields;" 
and a second Session, of 15 proffered papers 
on "Clinical and Research Radiation Biol- 
ogy.” The Sunday morning Session will be 
devoted to 7 proffered papers on Radiation 
Therapy of more recent interest and at the 
end to 2 papers of “Summary of Saturday’s 
Session on Clinical and Research Radiation 
Biology." 

A most attractive Social Program has 
been arranged for the Ladies. This consists 
of: 1. Visit to Villa Viscaya and Matinée 
Musicale on Thursday morning, and Pool- 
side Cocktail Party in the evening; 2. Bis- 
cayne Bay By Boat, on Friday morning; 
3. Seaquarium Tour on Saturday morning 
and the President's Cocktail party and a 
splendid banquet followed by dancing on 
Saturday evening. 

Technical Workshops will be held Thurs- 
day, Friday and Saturday afternoons from 
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3:90 P.M.-S:00 P.M. The discussions will 
include: simulators; computers; dosimetry 
and quality control; linear accelerators; 
and treatment aids, comprising 26 items 
altogether. ME 

Arrangements have also been completed 
for the 1975 meeting which will be held at 
the Hyatt Regency, San Francisco, Cali- 
fornia, in the Embarcadero Center, Octo- 
ber 8—12. The 1976 Meeting is scheduled to 
be held at Hyatt House in Atlanta, 
Georgia. 


TRENDS IN CHILDHOOD CANCER 


The Division of Oncology of the Chil- 
dren's Hospital of Philadelphia, and the 
Department of Radiation Therapy of the 
American Oncologic Hospital of the Fox 
Chase Cancer Center will hold a sympo- 
sium titled “Trends in Childhood Cancer" 
on November 15 and 16, 1974. 

The course is approved by the A.M.A. 
for the Physician's Recognition Award. 

For information, please contact H. Gun- 
ter Seydel, M.D., M.S., Chief, Department 
of Radiation Therapy, American Oncologic 
Hospital, Central and Shelmire Avenues, 
Philadelphia, Pennsylvania 19111. 


18th ANNUAL POSTGRADUATE COURSE 
IN DIAGNOSTIC RADIOLOGY 


University of California School of Medicine, ` 
San Francisco, California 

The Department of Radiology and Ex- 
tended Programs in Medical Education 
will hold this Course at the Fairmont Hotel, 
San Francisco, February 17-21, 1975. 

The course 1s designed to provide a sur- 
vey of selected subdivisions of diagnostic 
radiology for the radiologist in clinical 
practice. The faculty of the Course is com- 
prised of the Faculty of the Department of 
Radiology, University of California School 
of Medicine, San Francisco and an inter- 
national Guest Faculty. 

All registrations must be made in ad- 
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vance as attendance is limited. No daily 
registration is available. 

Detailed information regarding the daily 
speakers and schedules will be available at 
a later date. 

Please mail application to: Extended 
Programs in Medical Education, Room 
£7 £-U, University of California, San Fran- 
cisco, California 94143. 


WEST OF SCOTLAND COMMITTEE FOR 
POSTGRADUATE MEDICAL EDUCATION 
AND GLASGOW INSTITUTE OF 
RADIOTHERAPEUTICS 


An intensive 5 day course suitable for 
candidates preparing for the F.F.R. Part II 
Examination will be held in the Glasgow 
Institute of Radiotherapeutics (Western 
Infirmary and Belvidere Hospital), March 
3-7, 1975. 

The program will include tutorial ses- 
sions, case presentations, and discussions of 
topics related to recent advances. Meetings 
will be held daily from 9:15 A.M. to 4:30 
P.M., beginning at 9:15 A.M. on Monday 
March 3rd in the Radiotherapy Depart- 
ment Lecture Theatre, Western Infirmary. 

Applications should be made to the Dean 
of Postgraduate Medicine, The University 
of Glasgow, Glasgow G12 8QQ, Scotland. 


RADIOLOGY OF THE GASTRO- 
INTESTINAL TRACT 


Tutorial Postgraduate Course 


The Department of Radiology, Duke 
University Medical Center, will hold a 
Tutorial Postgraduate Course at the Gov- 
ernors Inn, Research Triangle Park, N.C. 

This course is awarded 28 hours A.M.A. 
Category I accreditation. 

The course is designed for radiologists, 
but open to other physicians whether in 
training or practice. The emphasis will be 
on personalized, tutorial tvpe teaching of 
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basic suLEjects on the gastrointestinal tract 
by recognized authorities using their orig- 
inal roentgenograms with ample opportu- 
nity for discussion. The subject matter will 
cover all facets of gastrointestinal disease 
including comprehensive coverage of diag- 
nostic techniques. A detailed abstract book 
with references will be provided. 

The Program Chairman is Richard G. 
Lester, M.D., Professor and Chairman 
of Radiology, Duke University Medical 
Center. 

For further information please contact, 
Robert McLelland, M.D., Department of 
Radiology, Box 2808, Duke University 
Medical Center, Durham, North Carolina 
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THIRD INTERNATIONAL SYMPOSIUM 
ON DETECTION AND PREVENTION 
OF CANCER 

This 13 the first announcement of the 
Third International Symposium on Detec- 
tion and Prevention of Cancer. The Second 
Symposium was held in Bologna, Italy, 
April, 1973. The Third Symposium is now 
scheduled in New York City, at the Ameri- 
cana Hocel, April 26 to May 1, 1976. 

The format of the Symposium includes 
12 Conferences on general topics related to 
cancer detection and prevention and 18 
Panels on specific and organ-oriented sub- 
jects. Approximately 22 Symposia will be 
arranged by groupings of proffered papers. 
There will be 14 Short Courses and 20 
Practical Workshops. Also, daily consulta- 
tion sessions with experts will be offered. 
Provisions are made for ample discussion at 
all sessions. 

Further information may be obtained 
from Herbert E. Nieburgs, M.D., Secre- 
tary General, Mount Sinai School of Medi- 
cine of tae City University of New York, 
Fifth Avenue and tooth Street, New York, 
New York 10029. 
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BOOK REVIEWS 


ANGIOGRAPHY IN INFANTS AND CHILDREN. 
Edited by Michael T. Gyepes, M.D. Cloth. 
Pp. 378, with many illustrations. Price, 
$24.75. Grune & Stratton, Inc., 111 Fifth 
Avenue, New York, N. Y. 10003, 1974. 


Dr. Gyepes and his co-contributors have pro- 
duced a well balanced résumé of what is avail- 
able in the field of pediatric angiography. In 
addition, angiography is projected in proper 
perspective and is not oversold. Over-all, bal- 
ance of presentation is reasonably good, al- 
though certain sections are better than others. 
Because the volume is not a textbook, there is a 
lack of in-depth coverage of some of the diseases 
illustrated, but I am sure that such in-depth 
coverage was not the prime objective in this 


‘work. 


The illustrations are generally of good caliber 
and case material selection is excellent. If one 
were to do nothing more than look at the 
illustrations and read the legends, one would 
gain considerable benefit from this volume. A 
few of the illustrations are underlabeled, and 
for those who might not be well versed in 
angiographic anatomy this does pose a minor 
problem. 

The technical aspects of sodass angi- 
ography are amply considered in the various 
chapters, and for anyone desiring to perform 
angiography in the pediatric age group, con- 
siderable helpful information regarding tech- 
nique and complications is available. In addi- 
tion, a number of practical tips derived from 
experience only come through in the various 
sections. 

For general radiologists, and especially for 
residents in training, this book will provide an 
atlas-like review of angiographically demon- 
strable pathology in the pediatric age group, 
and at the same time will help to project the 
entire field of pediatric angiography into proper 


. focus. 


Leonard E. SwiscHuk, M.D. 


CriNICAL Carprac RaproLoov. By Keith Jef- 
ferson, M.A., F.R.C.P., F.F.R., Consultant 
Radiologist, National Heart Hospital and 
St. George's Hospital, London; Lecturer, 
Cardiothoracic Institute, University of Lon- 
don; and Simon Reese, M.A., M.R.C.P., 


F.F.R., Consultant Radiologist, National 
Heart Hospital and St. Bartholomew’s Hos- 
pital, London; Lecturer, Cardiothoracic Insti- 
tute, University of London, England. Cloth. 
Pp. 314, with many ilhistrations. Price, 
$57.75. Butterworths, 2265 Midland Avenue, 
Scarborough, Ontario, Canada MrP 4S1, 


1973- 


This is a book devoted to the radiology of 
acquired and congenital heart disease. The au- 
thors undertook an ambitious task resulting in 
a work of 314 pages, 30 chapters, and 477 
illustrations. 

The book is divided into 2 major parts. The 
first discusses in general terms the radiology of 
the heart, describing the anatomy and some 
physiology. The second part is designed to ar- 
rive at a more specific diagnosis. There are 4 
sections in this latter part which are: shunts 
without cyanosis; shunts with cyanosis; ob- 
struction and regurgitation; myocardial and 
pericardial disease. 

The introduction to the 30 chapters is pre- 
ceded by a concise table, which indicates how 
to use the book, and which will help the reader . 
to interpret a roentgenogram of a patient with 
a cardiac problem. In this table are described 
all the salient radiographic and clinical features 
of the most important lesions. 

At the end of the book the authors give in- 
formation about the radiographic techniques 
used in their institution and a complete descrip- . 
tion of their clinical material. 

Finally, they produce a computer analysis of 
the clinical material in which they correlated 
the radiographic findings with catheterization 
data. This information is useful and adds 
weight to the value of the text. _ 

The authors achieved a fine task in present- 
ing in a succinct form a very yast topic. They 
stressed the plain film roentgenographic án- 
alysis over the angiographic findings; yet sur- 
prisingly they have completely omitted the role 
of oblique roentgenograms. Some of the chap- 
ters are unique: thus, the section devoted to 
"the other systems in heart disease" (the bony 
thorax, inherited and allied syndromes with 
heart disease—general disease and the heart) 
is cutstanding. 
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The authors discuss all the congenital heart 
lesions with authority and based upon their 
own vast experience. The organization of the 
book and the style are quite excellent. 

On the negative side, it is unfortunate that in 
the first part, chapters dealing specifically with 
the anatomy, the physiology and the embry- 
ology were omitted. Throughout the text it is 
assumed that the reader has command of this 
basic knowledge. Terms and concepts are intro- 
duced, the explanations of which cannot be 
found in this book (example: endocardial 
cushions). No attempt was made to introduce 
the reader to angiocardiography, since as 
stated before, the purpose of the book is to 
describe plain film roentgenographic findings. 
The discussions of the lesions are simply de- 
scriptive, without enough stress on the physio- 
logic reasons behind the findings. Some clinical 
entities such as relapsing polychondritis and its 
assoclated cardiac lesions, aortic left ventricular 
tunnel, and others, have been completely 
omitted. Furthermore, it is obvious that the 
authors have much greater experience in con- 
genital, than in acquired heart disease and the 
sections dealing with these acquired lesions 
suffer from it. The bibliography is far from 
being complete. 

[n spite of the above objections, this reviewer 
wishes to congratulate the authors for a fine 
accomplishment. It is obvious, when one reads 
this textbook, that Drs. Jefferson and Reese did 
not copy someone else's work, but related their 
personal experience. Certainly, at any stage of 
development, a reader can benefit from such an 


experience. 
Hanorp A. Battaxe, M.D. 


BOOKS RECEIVED 


ATLAS OF VERTEBRAL ANGIOGRAPHY. By Mutsumasa 
Takahashi, M.D., Professor and Director, Depart- 
ment of Radiology, Akita University School of 
Medicine, Akita, Japan. Cloth. Pp. 384, with many 
illustrations. Price, $65.00. University Park Press, 
Chamber of Commerce Building, Baltimore, Md. 
21202, 1974. 

ROENTGEN EXAMINATIONS IN AcUTE ABDOMINAL 
Diseases. Third edition. By J. Frimann-Dahl, 
M.D., Ph.D., Professor of Radiology (Emeritus), 
Ulleval Hospital, Oslo, Norway. Cloth. Pp. 617, 
with many illustrations. Price, $29.50. Charles C 
Thomas, Publisher, 301-327 East Lawrence Ave- 
nue, Springfield, Ill. 62717, 1974. 

PATIENT CARE AND SPECIAL PROCEDURES IN RADIO- 
Locic TECHNOLOGY. Fourth edition. By John C. 


Books Received 


OCTOBER, 1974 


Watson, R.T., Director of Technology, the Uni- 
versity o* Connecticut Medical Center; formerly, 
Radiologic Administrator, University of Cali- 
fornia Medical Center, San Francisco; and Techni- 
cal Consultant to the Yale University School of 
Medicine. Cloth. Pp. 200, with 114 illustrations. 
Price, $10.50. C. V. Mosby Company, 3301 Wash- 
ington Boulevard, St. Louis, Mo. 63103, 1974. 

NucLEAR HEPATOLOGY: CLINICAL AND PHYSIOLOGI- 
CAL Aspects OF Liver Disease By Raprorso- 
ToPES. By Masahiro Ito, M.D., Director, Depart- 
ment of Nuclear Medicine and Radiological Sci- 
ence, Tokyo Metropolitan Geriatric Medical Cen- 
ter, Tokyo; Instructor, Department of Internal 
Medicine, Faculty of Medicine, University of 
Tokyo, ^okyo; Hideo Yamada, M.D., Chief, 1st 
Division. Department of Nuclear Medicine and 
Radiological Science, Tokyo Metropolitan Geriat- 
ric Medical Center, Tokyo; Kenichi Kitani, M.D., 
Chief, 1st Division of Clinical Physiology, Depart- 
ment of Physiology, Tokyo Metropolitan Institute 
of Gerontology, Tokyo; and Yasuhito Sasaki, 
M.D., Chief, Section of Nuclear Medicine, 2nd 
Department of Internal Medicine, Faculty of 
Medicine, University of Tokyo, Tokyo, Japan. 
Cloth. Pp. 164, with many figures. Price, $23.50. 
Igaku Shoin Ltd., Tokyo. Exclusive U. S. agents, 
The Williams & Wilkins Company, 428 East 
Preston Street, Baltimore, Md. 21202, 1973. 

Gastric [RRADIATION IN Peptic Urcrn. Edited by 
Walter L. Palmer. Cloth. Pp. 161, with some 
figures. Price, $7.50. University of Chicago Press, 
5801 Ell s Avenue, Chicago, Ill. 60637, 1974. 

Human Me ann. By Eugene Follmann, Director of 
Investigative Laboratory of Clinic of Dermatol- 
ogy, University of Buenos Aires, Argentina. Cloth. 
Pp. 250, with 103 illustrations. Price, $12.00. Prof. 
Dr. Eugene Follmann, Lacarra 1513, Buenos 
Aires, Suc. 7, Rep. Argentina, 1973. 

Lupus EnvrHEMATOSUS: A REVIEW OF THE Cur- 
RENT Status oF Discorp AND Systemic Lupus 
ERYTHEMATOSUS AND THEIR VARIANTS. Second 
edition. Edited by Edmund L. Dubois, M.D., As- 
sociate Clinical Professor of Medicine, Clinical 
Immunclogy and Rheumatic Disease Section, De- 
partment of Medicine, University of Southern 
California School of Medicine; Director of the 
“Collagen Disease" Clinic, Los Angeles County/ 
University of Southern California Medical Center, 
Los Angeles, Calif. Cloth. Pp. 798, with many il- 
lustrations. Price, $36.00 plus $1.50 shipping in 
the U.S. University of Southern California Press, 
Los Angeles, Calif. 90007, 1974. 

HysTEROSALPINGOGRAPHY. Second edition. By Alvin 
M. Siegler, M.D., D.Sc., Clinical Professor of Ob- 
stetrics and Gynecology, State University of New 
York Downstate Medical Center, Brooklyn, N. Y. 
Cloth. Pp. 218, with many illustrations. Price, 
$25.00. Medcom, Inc., 2 Hammarskjóld Plaza, 
New York, N. Y. 10017, 1974. 
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CoMPUTERS IN RADIOTHERAPY—PHYSICAL ASPECTS. 
By Raymond G. Wood, M.Sc., F.Inst.P., C.Eng., 
M.IE.E., Lately Chief Physicist, South Wales and 
Monmouthshire Radiotherapy Service and Uni- 
versity Hospital of Wales (Cardiff). Paper. Pp. 
112, with some figures. Price, £2.45. Computers in 
Medicine Series, General Editor, D. W. Hill. The 
Butterworth Group, 88 Kingsway, London, WC2B 
6AB, England, 1974. 


GoNADAL SHIELDING IN DiaGNosTiCc RADIOLOGY. 


DHEW Publication (FDA) 74-8028. Paper. Pp. 
18, with a few illustrations. Prepared by the Ra- 
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di»xlogical Health Sciences Education Project, Uni- 
versity of California, San Francisco, under con- 
tract FDA 72-13 with the Bureau of Radiological 
Health, Food and Drug Administration, Rockville, 
Md. 20852, 1974. 


Tecanetium ÁTLAS. Produced in co-operation with 


the Isotope Laboratory, Faculty of Medicine, 
State University of Groningen, Holland; Director, 
Prof. dr. M. G. Woldring. Cloth. Pp. 46, with 
many illustrations. Published by Philips-Duphar 
B.V. Cyclotron and Isotope Laboratories, Petten, 
Holland, 1973. l l 
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SOCIETY PROCEEDINGS 








MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN RoENTGEN Ray Society 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga. 30322. Annual Meeting: Hilton Hotel, San 
Francisco, Calif., September 24-27, 1974. 

AMERICAN RADIUM SOCIETY 
Secretary, Richard H. Jesse, Dept. of Surgery, M. D. 
Anderson Hosp. and Tumor Institute, Houston, Tex. 
77025. Annual Meeting: Americana Hotel, San Juan, 
Puerto Rico, May 4-9, 1975. 

RADIOLOGICAL SOCIETY OF NORTH AMERICA 
Secretary, Dr. Hillier L. Baker, Jr., Mayo Clinic, Roches- 
ter, Minn. «49o1. Annual Meeting: Palmer House, Chi- 
cago, Ill., Dec. 1-6, 1974. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago, Ill. 60606. Annual meeting: Portland- 
Hilton Hotel, Portland, Oregon, March 31-April 4, 1975. 

Secrion oN RADIOLOGY, AMERICAN MEDICAL ÁssOCIATION 
Secretary, Dr. Antolin Raventos, Davis, Calif. Annual 
Meeting: Atlantic City, N. J., June 15-19, 197:. 

AMERICAN Boanp or RADIOLOGY 
Secretary, Dr. C. Allen Good. Correspondence should be 
directed to Kahler East, Rochester, Minn. ¢sgo!. 

Oral examinations will be held in the following city 
during this year: Los Angeles, Calif., Dec. 9-13, 1974, 
International Hotel. 

Written examinations are scheduled in 13 large cen- 
ters in June 1975. 

Applications must be received in the Board Office 
before Sept. 30 of the year preceding the one in which the 
candidate wishes to be examined. 

Deadline for filing applications for any examination in 
1975 was September 30, 1974. 

AMERICAN Boarn or NucLear Mepicine, Inc. A Conjoint 
Board of the American Boards of Internal Medicine, 
Pathology and Radiology and sponsored by the Society 
of Nuclear Medicine. 

Application forms and further information are avail- 
able from the American Board of Nuclear Medicine, 
305 E. 4«th St., New York, N. Y. 10017. 

AMERICAN AssociATION OF Puysicists IN MEDICINE 
Secretary, Kenneth D. Williams, M.S., Dept. Radiol., 
Washington Hospital Center, 110 Irving St, N.W., 
Washington, D.C. 20010. Annual Meeting. 

AMERICAN SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Robert W. Edland, 1836 South Ave., La 
Crosse, Wisc., «4601. Annual Meeting: Sonesta Beach 
Hotel, Key Biscayne, Fla., Oct. 31-Nov. 3, 1974. 

AMERICAN NuCLEAR SOCIETY 
Program Chairman, Werner K. Kern, IRD, Space 
Nuclear Systems, F 309, U. S. Atomic Energy Commis- 
sion, Washington, D.C. 20545. Winter Meeting: Wash- 
ington, D.C., Oct. 27-Nov. 1, 1974. 

AMERICAN INSTITUTE OF ULTRASOUND IN MEDICINE 
Secretary, John M. Reid, Ph.D., 556 18th Ave., Seattle, 
Wash. 98122. Annual Meeting. 

AMERICAN SOCIETY OF NEURORADIOLOGY 
Secretary, Dr. David O. Davis, Department of Radiology, 
go1 Twenty-third St., N.W., Washington, D. C. 20037. 
Annual Meeting. 

FOURTEENTH INTERNATIONAL CONGRESS OF RADIOLOGY 
Rio de Janeiro, Brazil in 1977. 


INTERNATIONAL SOCIETY OF RADIOLOGY 
Hon. Secretary-Treasurer, Prof. W. A. Fuchs, M.D., De- 
partment of Diagnostic Radiology, University Hospital, 
Inselspital, CH-3010 Bern, Switzerland. 

ELEVENTH INTER-AMERICAN CONGRESS OF RADIOLOGY 
Counselor for the United States, Dr. Juan A. del Regato, 
Univ. of South Florida, Tampa, Fla. 

Secretary of Congress, Dr. Alberto Mejia, Apartado Aéreo 
$3737, Bogota 2, Colombia. Meeting: Feb. 16-21, 1975. 

INTER-AMERICAN COLLEGE OF RADIOLOGY 
President, Dr. Miguel Dao y Dao, Apartado Postal 
14213, Candelaria, Caracas, Venezuela, S.A. 

Secretary of Congress: Dr. Alberto Mejia, Apartado 
Aereo £3737, Bogotá 2, Colombia, S.A. Meeting: Bogotá, 
Colombia, Feb. 16-21, 1975. 

THIRD CONGRESS OF THE EUROPEAN ASSOCIATION OF 
RADIOLOGY 
Secretary General, P.O. Box 14, 79 Lauriston Place, Edin- 
burgh BHI IDB, Scotland, Meeting: June 22-27, 1975. 

SEcoND AsIAN AND OCEANIAN CONGRESS OF RADIOLOGY 
Secretary, Dr. Buenaventura U. V. Angtuaco, Congress 
Secretariat Headquarters 2161 Taft Ave., Manila, Philip- 
pines. 

Meeting: Manila, Philippines, Nov. 10-14, 1975. 

ALABAMA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Lowry R. Young, Jr., 905 
Madison St, Huntsville, Ala. 35801. Meets time and 
place of Alabama State Medical Association. 

Ataska RapioLocicAL Society, CHAPTER ACR 
Secretary-Treasurer, Dr. Maurice J. Coyle, 3200 Provi- 
dence Ave., Anchorage, Alaska 99«04. 

AMERICAN OsTEOPATHIC COLLEGE OF RADIOLOGY 
Annual Scientific Meeting: Americana Hotel, Bar Harbor, 
Fla. Program Administrator: Lawrence J. Jordan, D.O., 
Suite 21, Ponce American Bldg., 4601 Ponce de Leon 
Blvd., Coral Gables, Fla. 33146. 

AMERICAN THERMOGRAPHIC SOCIETY 
Secretary-Treasurer, John Wallace, Ph.D., Dept. Radiol., 
Thomas Jefferson Univ. Hosp., Philadelphia, Pa. 19107. 
Annual Meeting. 

Arizona Rapio.ocicaL Society, CHAPTER oF ACR 
Secretary, Dr. Robert J. Johnson, 1603 N. Tucson Blvd., 
Tucson 85716. Two regular meetings a year. Annual 
meeting at time and place of State Medical Association 
and interim meeting six months later. 

Ank-La-rex RADIOLOGICAL SOCIETY 
Secretary, Dr. Erich K. Lang, Confederate Memorial 
Medical Center, LSU School of Medicine, Shreveport, 
La. 71101. 

ArKANSAS CHAPTER OF ACR 
Secretary-Treasurer, Dr. David H. Newbern, 4301 W. 
Markham, Little Rock, Ark. 72205. Meets twice annu- 
ally, the Spring Meeting being in conjunction with and 
at the place of the State Medical Association. 

Association of Untversiry RADIOLOGISTS 
Secretary-Treasurer, Dr. Mark M. Mishkin. The Gradu- 
ate Hosp., Univ. of Pennsylvania, Philadelphia, Pa. 
23rd Annual Meeting: San Diego, Calif, May 4-6, 
1975. 

ArLANTA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Marshall J. Cantanzaro, Dept. of 
Radiol., Northside Hosp., Atlanta, Ga. 30342. Meets on 
fourth Thursday evenings during the academic year ata 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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time announced in early September of each year, at the 
Academy of Medicine, Atlanta, Ga., at 8:00 P.M. 

BAVARIAN-AMERICAN RADIOLOGIC SOCIETY 
Secretary, Philip R. Shalen, Maj. MC, Departm. of the 
Army, Departm. of Radiology, US Army Genera! Hosp., 
Lands:uhl, APO New York 09180. 

BLocKLEY RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joseph H. Rosen, West Park 
Hospital, 3905 Ford Rd., Philadelphia, Pa. 19131. 

BLUEGRASS RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Eugene Slusher, Lexington 
Clinic, 1221 S. Broadway, Lexington, Ky. 40504. The 
Society meets once each month during the school year. 

Bronx Rapro.ocicat Sociery, NEw York STATE, CHAP- 
TER ACR 
Secretary-Treasurer, Dr. Leon J. Corbin, 1369 Rosendale 
Ave., Bronx, N. Y. 10472. Meets 4 times a year. 

Brook.iyn RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joshua A. Becker, Downstate 
Medical Clin., 450 Clarkson Ave., Brooklyn, N. Y. 11203. 
oe first Thursday of each month, October through 

une. 

BurraLo RADIOLOGICAL SOCIETY 
Secretary, Dr. Albert A. Franco, 45 Alexander St., Lock- 
port, N. Y. 14094. Meets second Monday evening each 
month, October to May inclusive, at University Club. 

CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. James R. Eltringham, Stanford 
Medical Center, Stanford, Calif. 94304. Meets semian- 
nually in San Francisco and Los Angeles. 

CALIFORNIA RADIOLOGICAL SOCIETY, CALIFORNIA CHAPTER 
of ACR 
Secretary-Treasurer, Dr. John L. Gwinn, 4650 Sunset 
Blvd., Los Angeles, Calif. 90027. 

CarAwBA VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Joe Jacumin, P.O. Box 265, 
Rutherford College, N. C. 28671. Meets the last Thurs- 
day of every month, Holiday Inn, Morganton, N. C. at 
7:30 P.M. 

CENTRAL New Yonk RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Alfred Brettner, Auburn Mem. 
Hosp., Auburn, N. Y. 13021. Meets first Monday each 
month October through May. 

CENTRAL Onuro RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Daniel E. Lewis, Grant Hosp., 
Columbus, Ohio 43215. Meets second Thursday in 
October, November, January, and March 15, and May 
19 at Fort Hayes Hotel, Columbus, Ohio. 

CENTRAL TEXAS RADIOLOGY SOCIETY 
Secretary-Treasurer, Dr. John M. Stoebner, Scott and 
White Clinic, Temple, Tex. 76501. Meets the fourth 
Monday of each month at Ponderosa Hotel, Temple, 
Tex. at 7:00 P.M. 

Cuicaco RapioLoGicAL Society, Division OF THE 
ILLINoIs RADIOLOGICAL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Raymond L. Del Fava, 355 
Ridge Ave., Evanston, Ill. 60202. Meets third Thursday 
of each month, October to April, except December, at the 
Bismark Hotel, Chicago, Ill. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Charles M. Greenwald, 7007 
Powers Blvd., X-Ray Dept., Parma, Ohio 44129. Meet- 
ings at 7:00 P.M. on fourth Monday of October, Novem- 
ber, January, February, March and fifth Monday of April. 

CoLonApo RADIOLOGICAL Society, CHAPTER OF ACR 
Secretary, Dr. Jerome D. Sutherland, 3705 E. Colfax 
Ave., Denver, Colo. 80206. Meets third Friday of each 
Bene at Denver Athletic Club from September through 

ay. 

Connecticut VALLEY RADIOLOGIC SOCIETY 
Secretary, Dr. Gerald N. LaPierre, 759 Chestnut St., 
Springfield, Mass. 01107. Meets in April and October. 

DaLLAs-Fonr WortH RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Richard C. Gasser, 1550 W. 
Rosedale, Rm. 100, Ft. Worth, Tex. 76104. Meets the 
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3rd Monday of every month at 6:30 P.M., at the Cibola 
Inn, Arlington, Tex. 

DELAWARE CHAPTER OF ACR 
Secretary, Dr. Seymour R. Kaplan, Kent Gen. Hosp., 
Dover, Del. 19901. 

East Bay RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. George N. Weston, 1515 
Ygnacio Valley Rd., Walnut Creek, Calif. 94598. Meets 
first Thursday each month, Oct. through May, at Uni- 
versity Club, Oakland, Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George H. Wood, 205 Medical 
Arts Bldg., Knoxville, Tenn. 37902. Meets in January 
and September. 

FionipA RaproLoGicAL Society, CHAPTER OF ACR 
Secretary. Dr. Paul J. Popovich, 1350 S. Hickory St., 
Melbourne, Fla. 32901. Meets twice annually, in the 
spring with the annual State Society Meeting and in 
the fall. 

FLoni»A West Coast RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. James P. Ahearn, sor E. Buffalo 
Ave., Tampa, Fla. 33603. Meets on 4th Thursday of the 
months January, March, May, October, and November. 

GronciA RADIOLOGICAL SocieTy, CHAPTER OF ACR 
Secretary, Dr. E. P. Rasmussen, Piedmont Prof. Bldg., 35 
Collier Rd., N.W., Atlanta, Ga. 30309. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

Greater Kansas Ciry RADIOLOGICAL SOCIETY 
President-Secretary, Dr. Rodger W. Lambie, 701 E. 63rd 
St., Ste. 108, Kansas City, Mo. 64110. 

GREATER LOUISVILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

GREATER Miami RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert F. Conti, Holy Cross 
Hosp., Fort Lauderdale, Fla. 33308. Meets monthly, third 
Wednesday at 8:00 P.M. at various member hospitals, 
Miami, Fla. 

GREATER Sr. Lours Sociery or RADIOLOGISTS 
Secretary- Treasurer, Dr. Donald Callahan, Northland 
Med. Bldg., Jennings, Mo. 63136. 

Hawai RADioLoGicAL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Robert L. May, Straub Clinic 
and Hosp., Honolulu, Hawaii 96813. Meets third Mon- 
day of each month at 7:30 P.M. 

HEALTH Puysics SOCIETY 
Secretary, Russell F. Cowing, P.O. Box 156, E. Wey- 
mouth, Mass. 02189. Annual Meeting. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Neill B. Longley, 6436 Fannin, Suite 601, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at 6:00 
P.M., at 103 Jesse H. Jones Library Building, Texas 
Medical Center, Houston, Tex. 77025. 

IpAuo Strate RapioLocicat Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. John H. Truksa, 1605 Park Ave., 
Nampa, Id. 83651. Meets in the spring and fall. 

ILLINOIS RADIOLOGICAL Society, Inc., CHAPTER OF ACR 
Secretary, Dr. Robert D. Dooley, Hinsdale Med. Cen- - 
ter, Hinsdale, Ill. 60521. Meets in the spring and fall. 

INpiANA RoentTGEN Society, Inc., CHAPTER or ACR 
Secretary, Dr. John A. Knote, 716 Carrolton Blvd., 
West Lafayette, Ind. 47906. 

Iowa Rapio.ocicaL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. John Huston, Jr., 1948 First 
Ave., N.E., Cedar Rapids, Iowa 52402. Luncheon and 
business meeting during annual session of lowa State 
Medical Society. The scientific section is held in the 
autumn. 

Kansas RapioLocicAL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Ralph H. Baehr, 310 Medical 
Arts Bldg., Topeka, Kan. 66604. Meets in spring with 
State Medical Society and in winter on call. 
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Kentucky CHAPTER or ACR 
Secretary-Treasurer, Dr. Bernard Sams, St. Joseph In- 
firmary, 735 Eastern Parkway, Louisvlle, Ky. 40217. 
Meets in April and September. 

Kincs County RapioLocicAL Sociery 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

KNOXVILLE RaproLocicar Society 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone Istanp RapioLocicaL Sociery 
Secretary, Dr. Bruce Saxe, 1200 Stewart Ave., Garden 
City, N. Y. 11533. Meets monthly. 

Los ANGELEs RapioLocicAL Society 
Secretary, Dr. Isaac Sanders, 1429 Valley View Rd. 4, 
Glendale, Calif. 91202. Meets second Wednesday of 
month in September, November, January, April and 
June at Los Angeles County Medical Association Build- 
ing, Los Angeles, Calif. Midwinter Radiological Con- 

erence: Century Plaza Hotel, Los Angeles, Calif., 
Jan. 31-Feb. 2, 1975. 

Lourstana RapioLocicar Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Roger H. Tutton, 1514 Jeffer- 
son Hwy., New Orleans, La. 70121. 

LouistaNA-TExas Gur Coast RapiotocicAL Society 
Secretary-Treasurer, Dr. Edward A. Sheldon, 109 Doctors 
Bldg., Beaumont, Tex. 77701. 

Marne Raprotocicat Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Richard W. Taylor, Radiology 
Department, St. Mary’s General Hospital, Lewiston, 
Pn 04240. Meets in June, September, December and 

pril. 

ManyLAND Raprotoaicat Society, CHAPTER or ACR 
Secretary, Dr. David S. O'Brien, Anne Arundel Hosp., 
Annapolis, Md. 21401. 

MassacHusETTS RapioLocicaL Society, CHAPTER OF ACR 
Secretary, Dr. Joseph T. Ferrucci, Jr., Massachusetts 
Gen. Hosp., Boston, Mass. 02114. 

Mempuis RoENTGEN Society 
Secretary-Treasurer, Dr. Jerry C. Phillips, The Uni- 
versity of Tennessee College of Medicine, Department of 
Radiology, Walter C. Chandler Bldg., 865 Jefferson Ave., 
Memphis, Tenn. 38103. Meets first Monday Oct. through 
May at the University Club. 

Miami Varley RaprorocicaL Society 
Secretary, Dr. Bert Must, I.B.M. Bldg., Dayton, Ohio. 
Meets third Thursday of fall, winter and spring months 
at 7:30 P.M. at Miami Valley Hospital, Dayton, Ohio. 

MicuicaN RapioLooicAL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Francis P. Shea, Harper Hos- 
pital, 382: Brush St., Detroit, Mich. 48201. Meets 
monthly, first Thursday, October through May, at 
David Whitney House, 1010 Antietam, at 6:30 P.M. 

MicHiGAN Society or THERAPEUTIC RADIOLOGISTS 
Secretary-Treasurer, Dr. Delmar Mahrt, William Beau- 
mont Hosp., Detroit, Mich. 48072. Meets bi-monthly 
during the academic year. 

Mip-Hupsow Raptotocicat Society 
Secretary-Treasurer, Dr. William D. Stiehm, 37 Flower 
Hill Rd., Poughkeepsie, N. Y. 12603. Meets 7:00 P.M., 
first Wednesday of each month, September to Mav. 

MiLwaukreE Roentcen Rav Sociery 
Secretary-Treasurer, Dr. Thomas C. Lipscomb, 1004 
North Tenth St., Milwaukee, Wis. 53233. Meets monthly 
Qn uin Monday, October through May, at University 

ub. 

Minnesora Rapiotocicat Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Harlan W. Hawkinson, 6 Buf- 
falo Rd., St. Paul, Minn. 55110. Meets twice annually, 
fall and winter. 
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Mississippi SrATE RaDioLoGicAL Society, CHAPTER OF 
ACR 


Secretary-Treasurer, Dr. Edward L. Gieger, 969 Lake- 
land Dr., Jackson, Miss. 39216. Meets third Thursday, 
excluding summer months, at the Primos Northgate 
Rest., Jackson at 6:30 P.M. 

Missouri RapioLocicAL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Ronald G. Evens, Mallinckrodt 
Institute of Radiology, 510 S. Kingshighway, St. Louis, 
Mo, 63110. 

Montana Raptotocicat Society, CHAPTER or ACR 
Secretary, Dr. C. H. Agnew, Room 102, Doctors Bldg., 
Billings, Mont. sgror. 

NEBRASKA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Robert Bodmer, Suite 622 Doc- 
tors Bdg Omaha, Neb. 68131. Meets the third Wednes- 
day of the month, Oct. through March, at the Clarkson 
Hosp., Omaha, Neb. and the fourth Friday of April at 
the Linccln Country Club, Lincoln, Neb. 

Nevapa RaproLocicaL Society, CHAPTER or ACR 
Secretary, Dr. Charles F. Veverka, Carson Tahoe Hosp., 
Carson C.ty, Nev. 89701. 

New Excraup Roentcen Ray Society 
Secretary, Dr. Melvin E. Clouse, 185 Pilgrim Rd., 
Boston, Mass. 02115. Meets the third Friday of each 
month, Cctober through April, excluding December, at 
The Lorgwood Towers, 20 Chapel Street, Brookline, 
Mass. at 3:00 p.M. Annual Meeting: May 16, 1975. 

New ENcL«Np Society ror RADIATION ONcoLocv 
Secretary, Dr. C. C. Wang, Mass. Gen. Hosp., Boston, 
Mass. 02: 14. 

New Hamesuire Roentcen Ray Society, CHAPTER OF 
ACR 
Secretary-Treasurer, Dr. Edward P. Kane, Claremont 
Gen. Hosp., Claremont, N. H. 03743. Meets four to six 
times yearly. 

New Mzxico Society or Rapiotocists, CHAPTER OF ACR 
Secretary, Dr. Carole R Simmons, Dept. of Radiol., Pres- 
byterian Hospital Center, Albuquerque, N. M. 87106. 
Four meetings annually, three held in Albuquerque, 
N. M., and one held at time and place of New Mexico 
State Medical Society annual meeting. 

New Orre” Ns Rapiotocicat Society, Ine. 
Secretary-Treasurer, Dr. Jimmy L. Mains, P.O. Box 446, 
Gretna, La. 70053. Meets bimonthly at local restaurants 
selected by the President. Spring Conference. 

New York RoentcGEnN Society 
Secretary-Treasurer, Dr. Howard R. Gould, 153 West 
11th Stre2t, New York, N. Y. 10011. Meets monthly on 
the 3rd Monday at the New York Academy of Medicine 
at 4:30 P M. Annual Spring Conference, Waldorf-Astoria 
Hotel, New York, N. Y. Further information may be ob- 
tained from Dr. Albert A. Dunn, Roosevelt Hosp., New 
York, N. Y. 10019. 

New York Strate CuaPrER or ACR 
Secretary- Treasurer, Dr. Albert F. Keegan, 6 Secor Dr., 
Port Wæh., N. Y. 11050. 

NortH American Society or Carprac RapioLocv 
Secretary-Treasurer, Dr. Erik Carlson, Univ. Calif., 
San Francisco, Calif. 94143. 

NortH CaaoLiNA CHAPTER oF ACR 
Secretary-Treasurer, Dr. Ernest B. Spangler, Wesley Long 
Hosp., Greensboro, N. C. 27402. Meets twice a year. The 
Spring Meeting is held at the time of the meeting of the 
North Carolina Medical Society. The Fall Meeting is held 
in November at the Mid Pines Club, Southern Pines, 

NA 

NonTH Dasorta Raprotoaicat Society, CHAPTER or ACR 
Secretary, Dr. Pablo Ramos, Box 1618, Bismarck, N. D. 
s8so1. Meets at time of State Medical Association meet- 
ing. Other meetings arranged on call of the President. 

NortH FLonipA Rapio.ocicat SociETY 
Secretary, Dr. David F. Bew, University Hospital of 


Vor. 122, No. 2 


Jacksonville, 655 W. Eighth Street, P.O. Box 2751, 
Jacksonville, Fla. 32203. Meets quarterly in March, 
June, September and December. 

NORTHEASTERN OKLAHOMA RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Theodore J. Brickner, Jr., 5919 
S. Gary Place, Tulsa, Okla. 74110. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert C. Friedman, 325 Presidential Way, 
Guilderland, N. Y. 12085. Meets in Albany area on third 
per of October, November, March, April, and 

ay. 

NORTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. James R. Eltringham, Stanford 
Medical Center, Stanford, Calif. 94304. Meets quarterly. 

NonTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Mark D. Reiss, 5301 F Street, Sacramento, 
Calif. 95819. Meets on the fourth Monday of Sept., Nov., 
lens March and May at the Mansion Inn, Sacramento, 

alif. 

NORTHWESTERN New Yonk RADIOLOGICAL SOCIETY 
Secretary, Dr. Barbara E. Chick, Glens Falls Hospital, 
Glens Falls, N. Y. 12801. 

NORTHWESTERN OH10 RADIOLOGICAL SOCIETY 
Secretary, Dr. Doug Ki Cho, 2730 Navarre Ave., Oregon 
(Toledo), Ohio 43616. Meets 3rd Wednesday from Sep- 
tember to May. 

Onto Srare RapioLocicAL Society, CHAPTER OF ACR 
Secretary, Dr. Tearle L. Meyer, 175 S. Merkle Rd., 
Columbus, Ohio 43215. 

rcs m STATE RADIOLOGICAL Society, CHAPTER OF 
A 
Secretary, Dr. George H. Ladd, 4616 Denison, Muskogee, 
Okla. 74401. Meets in January, May and October. 

OnANGE County RADIOLOGICAL SOCIETY 
Secretary, Dr. Marvin A. Rawitch, 600 E. Washington, 
Santa Ana, Calif. 92701. Meets on fourth Tuesday of the 
month, excluding June, July, August, and December, at 
ic a County Medical Association Bldg., Orange, 

alif. 

Orecon Strate RADIOLOGICAL SocierY, CHAPTER or ACR 
Secretary-Treasurer, Dr. Robert E. Craven, P.O. Box 
12642, Portland, Ore. 97212. Meets on second Wednesday 
of month, October through April, at the University Club, 
Portland, Ore. 

OnLEANs ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans, La. 70113. Meets second Tuesday of each 
month. 

Paciric NonrHwesT RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Betty J. Wood, Dept. of Radiol., 
Vancouver General Hosp., Vancouver 9, B. C., Canada. 
Annual Meeting. 

PENNSYLVANIA RaDIOLoGicaL Society, CHAPTER OF ACR 
Secretary, Dr. Robert B. Funch, Germantown Hosp., 
Philadelphia, Pa. 19144. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. Howard M. Pollack, Department of Radi- 
ology, Episcopal Hospital, Philadelphia, Pa. 19125. 
Meets first Thursday of each month at 5 P.M., from Octo- 
ber to May in Thompson Hall, College of Physicians. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Klaus M. Bron, Presbyterian-Univ. Hosp., 
Pittsburgh 15213. Meets second Wednesday of month, 
September through May, at the Pittsburgh Athletic As- 
sociation. 

RapiaTion RESEARCH SOCIETY 
Executive Secretary, Richard J. Burk, Jr., 4211 39th St., 
N.W., Washington, D. C. 20016. Annual Meeting. 

RADIOLOGICAL SOCIETY or CONNECTICUT, INC., CHAPTER 
or ACR 
Secretary-Treasurer, Dr. Mehdi S. Eslami, 1389 W. Main 
St., Waterbury, Conn. 06708. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Alvin Nathan, c/o Academy of 
Medicine, 320 Broadway, Cincinnati, Ohio 45202. Meets 
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first Monday of each month at Cincinnati Academy of 
Medicine. 

RADIOLOGICAL SOCIETY or NEw JERSEY, CHAPTER OF ACR 
Secretary, Dr. Sidney Ketyer, St. Elizabeth Hosp., 225 
Williamson St., Elizabeth, N. J. 07207. Meets in Atlantic 
City at time of State Medical Society meeting and in 
October or November in Newark, N. J. 

RADIOLOGICAL Society or RHODE IsLanD, CHAPTER OF ACR 
Secretary- Treasurer, Dr. Daniel J. Alves, Rhode Island 
Hosp., Providence, R. I. 02902. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. Marshall Rowen, Dept. Radiol., 
St. Joseph Hosp., 1100 Stewart Dr., Orange, Calif. 

2668. Meets three times a year, usually October, Febru- 
ary and May. 

RADIOLOGICAL SOCIETY OF THE STATE OF NEw YORK 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester, N. Y. 14618. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Carter, 121 Sotoyome St., 
Santa Rosa, Calif. 95405. Meets second Monday every 
other month. 

RicHMonp County RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald P. King, 218 Gun Club Rd., Rich- 
mond, Va. 23221. Meets first Thursday of each month at 
various hospitals. 

RocuEsrER RoENTGEN Ray Society, Rocuester, N. Y. 
Secretary-Treasurer, Dr. Robert J. Bruneau, 1441 East 
Ave., Rochester, N. Y. 14610. Quarterly meetings on the 
call of the President, at the Rochester Academy of 
Medicine. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Lorenz R. Wurtzebach, 4200 E. 
Ninth Ave., Denver, Colo. 80220. Annual meeting: 
Brown Palace Hotel, Denver, Colo., Aug. 1975. 

San AuTONIO-CiviLIAN MiLrragv RADIOLOGICAL SOCIETY 
Secretary, Dr. James R. Stewart, Oak Hills Medical Ctr., 
San Antonio, Tex. 78209. Meets third Wednesday of 
each month at Fort Sam Houston Officers Club at 
6:30 P.M. 

San Dico RADIOLOGICAL SOCIETY 
President, Dr. Stanley G. Seat, 476 Prospect St., LaJolla, 
Calif. 92037. Meets the first Wednesday of each month at 
the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Charles A. Gooding, Univ. of 
Calif. Med. Ctr., San Francisco, Calif. 94122. 

SECTION ON RaDIOLoGy, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. Y 

Section on RapioLocy, Mepicau Society or THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Albert M. Zelna, 21 Masters St., 
Potomac, Md. 20854. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 P.M. 

Secrion oF RapioLtocy, NATIONAL MEDICAL ASSOCIATION 
Chairman, Dr. Roy G. Brooks, Dept. Radiol., Veterans 
Adm. Hosp., P.O. Box 511, Tuskogee, Ala. 36083. Annual 
Meeting. 

SecTION ON RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Mario A. Calonje, 1514 Jefferson Highway, 
New Orleans, La. 70121. Annual Meeting. 

Secrion on RapioLocv, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

Society For PEDIATRIC RADIOLOGY 
Secretary- Treasurer, Dr. John P. Dorst, 601 N. Broad- 
way, Baltimore, Md. 21205. Annual meeting: Hilton 
Hotel, San Francisco, Calif., September 22-23, 1974. 
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SOCIETY OF GASTROINTESTINAL RADIOLOGISTS 
Secretary-Treasurer, Dr. John R. Amberg, Vanderbilt 
University Hospital, Nashville, Tenn. 37232. 

Society or NucLEAR MEDICINE 
Secretary, Dr. E. James Potchen, Edward Mallinckrodt 
Institute of Radiology, 660 S. Euclid Ave., St. Louis, 
Mo. 63110. Administrative Officer, Mrs. Margaret Glos, 
211 E. 43rd St., New York, N. Y. 10017. Annual Meeting. 

SouTH Bav RapioLocicaL SOCIETY 
Secretary, Dr. John H. Callaghan, Redwood Med. Clinic, 
2900 Whipple Ave., Redwood City, Calif. 94062. Meets 
the 2nd Monday of each month at the Santa Clara 
County Medical Association Bldg., 700 Empey Way, 
San Jose, Calif. 

SourH CaroLINA RADIOLOGICAL Society, CHAPTER OF ACR 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SoutH Coast RapioLocicaL Society CHAPTER oF ACR 
Secretary-Treasurer, Dr. Richard T. Love, Santa Bar- 
bara Med. Clin., 215 Pesetas Lane, Santa Barbara, 
Calif. 93110. Meets fourth Tuesday of alternate months, 
Sept., Nov., Jan., March and May. 

South Dakora RaproLocicaL SociErv, CHAPTER or ACR 
Secretary, Dr. M. F. Petereit, 2416 S. Phillips, Sioux 
Falls, S. D. 57105. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN CALIFORNIA RADIATION THERAPY SOCIETY 
Secretary- Treasurer, Dr. Duane J. Gillum, 250 W. Pueblo 
St., Santa Barbara, Calif. 93105. Meets quarterly. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 7544, Mobile, Ala. 36607. Annual 
Meeting: Grand Hotel, Point Clear, Ala., January 31- 
February 2, 1975. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, 904 Chelsea, El Paso, Tex. 
Meets last Monday of each month at 6:30 p.m. in the 
Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL Society, CHAPTER or ACR 
Secretary- Treasurer, Dr. Charles W. Kimsey, 1:1 White- 
hall Bldg., 960 E. Third St., Chattanooga, Tenn. 37403. 
Meets annually at the time and place of the Tennessee 
State Medical Association meeting. 

Texas State Raprovocicat Society, CHAPTER or ACR 
Secretary, Dr. Francis E. O'Neill, 1128 Nix Prof. Bldg., 
San Antonio, Tex. 78205. 

THE FLEISCHNER SOCIETY 
Secretary, Dr. E. Robert Heitzman, State University of 
New York Upstate Medical Center, Syracuse, N. Y. 
13210. Annual Meeting: St. Francis Hotel, San Fran- 
cisco, Calif., May 28-31, 1975. 

Tri-STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 
Jan., March and May, 8:00 p.m., Elks Club in Evans- 
ville, Ind. 

Upper PeninsuLa RADIOLOGICAL SOCIETY 
ro ga Dr. A. Gonty, Menominee, Mich. Meets quar- 
terly. 

Uran Strate RaproLocicaL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Thomas K. Orton, St. Mark’s 
Hosp., Salt Lake City, Utah 84117. Meets fourth 
Wednesday in January, March, May, September and 
November at Holy Cross Hospital. 

Vermont RapioLocicAL Society, CHAPTER or ACR 
Secretary, Dr. J. Lorimer Holm, R.R. #3, Barre, Vt. 05641. 

VirciniA CHAPTER or ACR 
Secretary- Treasurer, Dr. Charles P. Winkler, 3500 Ken- 
sington Ave., Suite 2-A, Richmond, Va. 23221. 

WasuiNGTON, D. C., CHAPTER or ACR 
Secretary- Treasurer, Dr. Robert M. Allen, 9312 Convento 
Terr., Fairfax, Va. 22030. 
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liri da SrATE RaproLocicAL Society, CHAPTER OF 

ACR 
Secretary- Treasurer, Dr. John N. Roehr, 1011 Medical 
Dental Bldg., Seattle, Wash. 98101. 

Wzsr Virama RapioLocicaL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Andrew W. Goodwin, II, 200 
Med. Arts Bldg., Charleston, W. Va. 25301. Meets con- 
currently with annual meeting of West Virginia State 
Medical Society, other meetings arranged by program 
committee. 

WeEstCHEST=R County RaprioLocicaAL Society 
Secretary, Dr. James O. Richardson, Jr., 280 Mamaronek 
Ave., White Plains, N. Y. 10605. Meets on second Tues- 
day of October, December, February and May. 

Wisconsin RapioLocicAL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Marvin L. Hinke, 630 S. Central 
Ave., Marshfield, Wis. 54449. Meets twice a year, May 
and September. 

Wisconsin Society or THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Alvin Greenberg, Radiother. Ctr., Univ. 
Hospitals, Madison, Wisc. 53706. Meets quarterly. 

WvoMiNG KapioLcGicAL SOCIETY, CHAPTER oF ACR 
Secretary, Dr. Ross J. Collie, Box 95, Lander, Wyo. 82520. 
Meets in fall with State Medical Society and in spring 
on call of President. 


Mexico, Puerto Rico AND CENTRAL AMERICA 


ASOCIACIÓN COSTARRICENSE DE RADIOLOGÍA 
Secretary, Dr. Rafael Umaña-Umaña, Apartado 8-5340, 
San José, Costa Rica. 

AsociACÓN DE RADIÓLOGOS DE CENTRO AMERICA Y 
PanamA. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panama 
Secretary-General, Dr. Francisco Miranbell Solis, Apar- 
tado 3352, San José, Costa Rica, Central America. Meets 
annually in a rotating manner in the six countries. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary. Dr. R. B. Diaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SOCIEDAD DE RADIOLOGÍA DE SALVADOR 
Secretary, Dr. Carlos Meijia, ṣa Av. Nte. No. 434, San 
Salvador. Rep. El Salvador. 

SOCIEDAD CE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 92. Calle A o-os, Zona 1 
Guatemala 

SociEDAD MExIcaNA DE RaproLocía, A.C. 

Coahuila No. 35, México 7, D.F., México. 
Secretary-General, Dr. Jorge Cano Coqui. Meets first 
Monday of each month. 

SociEDAD Rapio_é6cica PANAMEÑA 
Secretary, Dr. L. Arrieta Sanchez, Apartado No. 6323, 
Panama, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SocieDAD RapIoLécica DE Puerro Rico 
Secretary, Dr. Heriberto Pagan Sáez, Box 9387, Santurce, 
Puerto Rico. Meets second Thursday of each month at 
8:00 p.m. at the Puerto Rico Medical Association Bldg. 
in San Juan, 


BRITISH COMMONWEALTH OF NATIONS 


AssOcIATION OF RADIOLOGISTS OF THE PROVINCE OF 
QUEBEC 
121 Boul. Taschereau, Greenfield Park, P. Q., Canada. 
Meets fcur times a year. 

BnirisH [ssrrrvTE oF RADIOLOGY 
Honorary Secretaries, D. H. Traspnell, M. Cohen, 32 
Welbeck St., London, W1M/7PG, England. 

CANADIAN AssociATION or Puysicists, Division or MED- 
ICAL AND BioLocicaL Puysics 
Honorary Secretary- Treasurer, Dr. R. G. Baker, Ontario 
Cancer “oundation, Ottawa Civic Clinic, 1053 Carling 
Ave., Ottawa 5, Ont., Canada. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary, Dr. Ross O. Hill, Suite 806, 1440 St. 
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Catherine St. West, Montreal 107, Que., Canada. Annual 
Meeting: Toronto, Ont., May 11-16, 1975. 

EpMoxToN AND District RADIOLOGICAL SOCIETY 
Secretary, Dr. L. A. Koller, Suite 360, Professional Bldg., 
10830 Jasper Ave. Edmonton 15, Alberta, Canada. 
Meets third Thursday of each month October to May, 
except December, at various Edmonton Hospitals. 

Facu.ty or RADIOLOGISTS 
Honorary Secretary, Robert Morrison, Lincoln’s Inn 
Fields, London WC2A 3PN, England. 

MoxTnEAL RADIOLOGICAL Srupv CLUB 
Secretary, Dr. W. Paul Butt, Montreal General Hospital 
Montreal, Que., Canada. Meets first Tuesday evening, 
October to April. 

Section or RADIOLOGY or THE RoyAt Society or MEDI- 
CINE (CoxriNED To MEDICAL MEMBERS) 

Meets third Friday each month at 8:15 P.M. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1 
M8AE, 1 England. 

SociÉTrÉ CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary -General, Dr. Hubert Sasseville, Verdun Hospi- 
tal, Montréal, P. Q., Canada. Meets every third Tuesday 
from October to April. 

Tue HosrrrAL Puysicists’ ASSOCIATION 
Honorary Secretary, J. B. Massey, B.Sc., Christie Hosp. 
and Holt Radium Institute, Physics Department, Wi- 
thington, Manchester M20 9BX, England. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

TuE RoYAL AUSTRALASIAN COLLEGE OF RADIOLOGISTS 
Honorary Secretary, Dr. T. P. Loneragan, 45 Macquarie 
St., Sydney, N.S.W. 2000, Australia. 


SOUTH AMERICA 


CoLÉcIo BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Lauro de Abreu Coutinho, Caixa 
Postal 5984, São Paulo, Brazil. 

FEDERACION ARGENTINA DE SOCIEDADES DE RADIOLOGIA 
Branches of the Federation are: Sociedad de Radiólogos 
de la Provincia de Córdoba; Sociedad Argentina de Ra- 
diología; Asociación Argentina de Radiología; Sociedad 
de Radiología, Radioterapéutica y Medicina Nuclear de 
Rosario; Sociedad de Radiología y Medicina Nuclear del 
Centro y Sudeste de la Provincia de Buenos Aires (Mar 
del Plata); Sociedad Salteña de Radiología y Medicina 
Nuclear; Sociedad de Radiología de Tucumán; Sociedad 
de Radiologia del Nordeste Argentino; Sociedad de Ra- 
ae de La Plata; and Sociedad de Radiologia de San 

uan. 
Secretary-General-Treasurer, Dr. Roberto Habichayn, Av. 
Colén 637, Cérdoba, Argentina. 
Congress will be organized by Sociedad de Radiologia, 
Radioterapéutica y Medicina Nuclear de Rosario in 1975. 

SOCIEDAD ARGENTINA DE RADIOLOGÍA 
Secretary-General, Dr. Tomas J. Gutiérrez F, Santa Fé 
1171, Buenos Aires, Argentina. Meets first Wednesday 
evening, April through December. 

SociEDAD BoLIVIANA DE RADIOLOGÍA 
Secretary, Dr. Javier Ptada Méndez, Casilla 1182, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. . 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Caixa Postal 
1532, Kio de Janeiro, Brazil. General Assembly meets 
every two years in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SOCIEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. Manuel Neira, Casilla 13426, Santiago, 
Chile. Meets first Friday of each month at Av. Santa 
María 1810 at 7:00 P.M. 
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SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary-General, Dr. Gustavo Sánchez Sánchez, Bogotá, 
Colombia. Meets last Thursday of each month. 

SOCIEDAD ECUATORIANA DE RADIOLOGÍA 
Secretary, Dr. Luis Blum, Casilla 3712, Guayaquil, Ecua- 
dor. 

SOCIEDAD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Hugo Volpe Rios, 15 de Agosto 322, 
Asuncion, Paraguay. 

SociEDAD PERUANA DE RADIOLOGIA 
Secretary-General, Dra. Ladis Delpino, Av. General 
Santa Cruz No. 315, Miraflores, Lima, Perú, Casilla 
Correo, 2306, Lima, Perú. Meets monthly except during 
January, February, and March. 

SocIEDAD DE RADIOLOGÍA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiología. 

SOCIEDAD DE RADIOLOGÍA DEL NORDESTE ARGENTINO 
Secretary-General, Dr. Francisco J. Velar, Catamarca 561, 
Corrientes, Argentina. 

SoclEDAD DE RapIoLocia DE La PLATA 
Secretary, Dr. Hiram D. Haurigot, Calle 5o No. 574, La 
Plata, Argentina. 

SoclEDAD DE RADIOLOGÍA, 
MÉDICA DEL URUGUAY 
Secretary-General, Dr. Manuel Gonzáles Maseda, Av. 
Agraciada 1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal sos, Pernambuco, Brazil. 

SOCIEDAD DE RoENTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CORDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Grl. 
Paz. 151, Córdoba, Argentina. 

SociEDAD DE RADIOLOGÍA, RADIOTERAPÉUTICA Y MEDICINA 
NUCLEAR, DE Rosario 
Secretary-General, Dr. Federico Frágola, Santa Fe 1798, 
Rosario, Argentina. 

SociEDAD SALTENA DE RaDroLocíA v MEDICINA NUCLEAR 
Treasurer, Dr. Julio Luis Baldi, Av. Sarmiento 536, Salta, 
Argentina. 

SociEbAD VENEZOLANA DE RaproLocía v Mepicina Nu- 
CLEAR 
Secretary-General, Dr. Salvador Itriago Borgas, Apartado 
Postal 9213, Candelaria, Caracas, Venezuela. Meets 
monthly, third Friday at Colegio Médico del Distrito 
Federal, Caracas. 
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ÖSTERREICHISCHE RÖNTGEN-GESELLSCHAFT 
Secretary, Dr. Ernst Kotcher, Wiener Allgemeine Poli- 
klinik Mariannengasse 10, A-1090 Wien, Austria. Meets 
second Tuesday of each month in Allgemeine Poliklinik. 

Societe RoyvaLe BELGE DE RADIOLOGIE . 
General Secretary, Dr. Joseph Baeyens, Alost, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

Soci£rÉ EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Secretary, Dr. J. Corbaton, Clinica Infantil "La Paz" 
Av. Generalissimo, 117 Madrid 34, Spain. Annual Meet- 
ing: Madrid, Apr. 24-26, 1975. 

Permanent Secretary, Clément Fauré, Hôpital des Enfants 
Malades, 149, rue de Sèvres, 75 730, Paris Cadet 15, France. 

SociETé FRANGAIsE DE RADIOLOGIE MÉDICALE, MÉDECINE 
NUCLÉAIRE ET oai, and its branches: Soci- 
ÉTÉ DU SUD-OUEST, DU LITTORAL MÉDITERRANÉEN, DU 
CENTRE ET LYONNAIS, DU NORD, DE L'OUEST, DE L'EsT, 
pu Massir CENTRAL, D'OUTRE-MER ET D' ETRANGER. 
Parent Society meets third Monday of each month, ex- 
cept during July, August and September, rue de Seine 
12, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 
75008, France. 


440 


SociETE FRANCAISE DE NEURORADIOLOGIE 
Secretary-General, Professeur agr. R. Djindjian 16, rue 
de l'Université 75, Paris 7°, France. Annual meeting. 
ESKOSLOVENSKÁ RADIOLOGICKÁ SPOLEČNOST 
Secretary, Associate Professor Jaromír Kolář, M.D., 
Sc.D., Radiological Clinic, Praha 2, U nemocnice 2, 
Czechoslovakia. Meets monthly except during July, 
August and September. Annual general meeting. 

DEUTSCHE RONTGENGESELLSCHAFT 
President, Professor Dr. med. Walter Frommhold, Di- 
rector of Medizinisches Strahleninstitut der Universitat 
Tübingen, Róntgenweg 11, 7400 Tübingen, Germany. 

Facu.ty or RapnioLocisrs or THE RovaL COLLEGE OF 
SURGEONS IN IRELAND 
Honor. Secretary, Max. J. Ryan, St. Stephen's Green, 
Dublin 2. Annual Meeting, Oct. 25 and 26, 1974. 

SociETÀ lrALIANA pi RaDroLociA Mepica E MEDICINA 
NUCLEARE 
Administrative Secretary, Prof. E. Conte, Ospedale 
Mauriziano, 10128 Torino, Italy. Meets annually. 

SociETAs RADroLocica Danica 
Secretary, Dr. Bent Langenfeldt, Tretommervej 20a, DK. 
8240 Risskov, Denmark. 

NEDERLANDSE VERENIGING Voor RADIOLOGIE 
Secretary, Dr. J. D. Mulder, Dept. of Rad., Akademisch 
Ziekenhuis, Leiden, Netherlands. 

SCANDINAVIAN RaproLocicaAL Society 
Secretary-General, Professor C. F. Unnérus, M.D., Haga- 
lung- apiola, Havsvindsvagn 5$ C., Finland. Annual 
Meeting. 

SociEDAD EsPASOLA pe RapioLocía v ELrcrROLOGÍA 
MeEpicas v pe MEDICINA NUCLEAR 
Secretary, Dr. José Bonmati, Villanueva, 11, Madrid 1, 
España. Meets every second Friday of each month, Oct. 
to June, inclusive, in Madrid. 

SoctepaDE PorruGcuesa pe RabioLOGlA E MEDICINA 
NUCLEAR 
Secretary-General, Dr. Luís Aires de Sousa, Av. Elias 
Garcia, 123- 1, Esg.-Lisboa i-Portugal. 

SCHWEIZERISCHE VEREINIGUNG FUR RaprioLocig, Nvu- 
KLEARMEDIZIN UND STRAHLENBIOLOGIE (ASSOCIATION 
SuissE DE RADIOLOGIE, MÉDECINE NUCLÉAIRE ET DE 
RADIOBIOLOGIE) 
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Secretary, Dr. med. Gustav Schoch, Bethesdaspital, Gel- 
lerstrasse 144, 4000 Basel, Switzerland. 


ASIA 


INDiAN Rar-oLoGicAL ASSOCIATION 
Honor. Gea. Secretary, Dr. S. P. Aggarwa!, 10-B Kasturba 
Ghandi Marg, New Delhi iioooi. 28th Indian Congress of 
Radiology will be held in Hyderabad in 197s. 

InDoNESIAN RADIOLOGICAL SOCIETY 
Secretary, Dr. Gani Iljas Sasmitaatmadja, Radiology 
Dep., Faculty of Medicine, University of Indonesia, 
Salemba £, Jakarta, Indonesia. 

Iranian RåDIOLOGICAL SOCIETY 
Secretary, Dr. Majid Rooholamini, P.O. Box No. 14-1151, 
Teheran, Iran. The Society meets on the second Satur- 
day of each month. sth Iranian Congress of Radiology, 
Apr. 12-17, 1975. Deadline for acceptance of papers, Jan. 
20, 1975. 

IsraEL RaproLocicat Society 
Secretary, Dr. M. A. Lerner, Hesharon Hosp., Petah- 
Tigva, Israel. Nineteenth National Radiology Congress: 
Tel-Aviv, Israel, Nov. 6-8, 1974. 

PuiLipPpINnE CoLLEGE or RADIOLOGY 
Secretary- Treasurer, Dr. Eduardo V. Nievera, Box 1284 
Commeraal Center, Makati, Rizal D-708, Philippines. 
Meets every second Thursday of the month. 

RADIOLOGICAL SOCIETY or THAILAND 
Secretary, Prof. Rojana Suvansuthi, M.D., Ph.D... 
Depart. of Rad., Sirizaj Hospital, Faculty of Medicine, 
Mahidol University, Bangkok 7, Thailand. 


AFRICA 


AssociATIeN or RapioLoGisTs or West AFRICA 
Honorary Secretary, C. A. Beetlestone, M.B., B... 
D.M.R.D., Dept. Radiol, University College Hosp., 
Ibadan, Nigeria. 

RADIOLOGICAL Society or SOUTH AFRICA 
Secretary, Dr. B. Rosenberg, P.O. Box 3200, Johannes- 
burg, Scuth Africa. 

SOUTH AraicAN INTERNATIONAL RADIOLOGICAL CONGRESS 
Director, Dr. Paul Sneider, P.O. Box 4878, Johannesburg, 
South Africa. 
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ROENTGEN DIAGNOSIS 


NECK AND CHEST 


SALISACHS, L. GuBERN, Estrany, M. Car- 
BONELL, and Pi, L. GuBERN. Las hernias 
pulmonares. (Pulmonary hernias.) Anales de 
Med., Dec., 1973, 59, 1239-1251. (From: 
Servicio de Neumatología y Pediatría, Ser- 
vicio de Traumatología, Ortopedia y Cirugía 
Infantil, Instituto Corachán, Barcelona, 
Spain.) 

The authors report 3 cases of pulmonary hernia- 
tion in pediatric patients (ages 13 months, 6 years, 
and IO years). 

Hernia of the lung through the chest wall is a rare 
condition. The lung can protrude through “weak” 
areas in the muscles or fascia or through true abnor- 
mal defects in the chest wall (chondrocostal aplasia). 

The herniated lung presents as a chest wall mass, 
that increases in size during coughing or straining, 
and can be reduced with gentle pressure. The usual 
sites are the supraclavicular area, the parasternal 
area, and the paravertebral area. 

If the hernia is related to a large chest wall defect, 
it can be accompanied by paradoxical movements 
during respiration, as well as a mediastinal shift and 
thus produce respiratory distress. 

This condition can be associated with other con- 
genital malformations (myelomeningocele, heart de- 
fects, diaphragmatic eventration, etc.). 

The roentgenographic study will be useful in show- 
ing the rib anomalies, and possible associated mal- 
formations (a tangential view of the area of interest 
could conceivably demonstrate the herniated lung 
itself). 

Treatment is surgical and should be done as soon 
as the diagnosis is established, particularly if respira- 
tory distress is present.—7u/ian B. Alvarez, M.D. 


ABDOMEN 


BinNHorz, Jason C., Ferrucci, JOSEPH a 
JR. and Wyman, Srantey M. Roentgen 
features of dysphagia aortica. Radiology, 
April, 1974, 777, 93-96. (Address: Joseph T. 
Ferrucci, Jr., M.D., Department of Radiol- 
ogy, Massachusetts General Hospital, Bos- 
ton, Mass. 02114.) 


An aortic impression upon the distal esophagus on 
barium examination is a frequent finding in elderly 
patients and is generally considered an incidental 
senescent variation; however, 3o elderly patients 
with dysphagia were found to have extrinsic com- 
pression of the distal esophagus by the descending 
thoracic aorta when studied at the Massachusetts 
General Hospital. Each patient was unable to swal- 
low solid foods without a feeling of substernal full- 
ness, sticking, and regurgitation. The average dura- 
tion of dysphagia was 14 months (range 7 months to 
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6 years). All but 1 patient admitted a weight loss, 
generally about 9 kilograms (20 pounds). 

Constant roentgenographic features included: (1) 
ectasia of the descending portion of the aorta; (2) 
partial discal esophageal obstruction; (3) a smooth, 
flattened contour along the left lateral margin of the 
esophageal barium column; and (4) pulsatile move- 
ment of the barium bolus synchronous with aortic 
pulsation. 

The study concluded that a sclerotic distal aorta 
is a frequent, although relatively unrecognized, cause 
of dysphagia in the older age groups. Women were 
affected predominantly more than men. Female pre- 
dilection is attributed to the greater likelihood that 
dorsal kyphosis will develop in postmenopausal 
women, aliowing the mid-esophagus to fall backward 
into the posterior thorax and causing the distal 
esophagus to approach the diaphragmatic hiatus 
obliquely. Since the lower esophagus is fixed from 
behind by the rigid aorta, it becomes sharply angu- 
lated asit traverses the hiatus. In most instances, the 
fluoroscoric appearance during esophagography will 
exclude the possibility of neoplastic disease and per- 
mit differentiation from achalasia, although sub- 
mucosal infiltration by a malignant lesion arising in 
the gastric fundus could mimic this appearance. The 
so-called 'dysphagia-aortica" can be managed con- 
servatively since the degree of esophageal compro- 
mise progresses slowly. Forced dilatation of the lower 
esophagus is frequently useless and may result in 


significant morbidity.—David E. Marley, Ifa MLD. 


CuBILLos, Lorenzo, Cnoxarro, Hecror, Pi- 
ZARRO, IsMAEL, and GrissE, GUILLERMO. 
Ulcera duodenal postbulbar. (Postbulbar du- 
odenal ulcer.) Prensa méd. argent., June, 
1973, ^0, 606-619. (From: Unidad de Gastro- 
enterología, Hospital Clínico de la Universi- 


dad Católica de Chile.) 


The postapical portion of the duodenum is that 
area between the apex of the duodenal bulb and the 
ampulla »f Vater. 

Ulcerations in this area are not comm on, but prob- 
ably thev occur more frequently than believed. Usu- 
ally they are located in the postero-infero-medial as- 
pect, closely related to the head of the pancreas, and 
gastroduodenal artery (thus explaining the frequency 
of severe bleeding). They occur more frequently in 
males over 50 years old, and they can be single or 
multiple They are difficult to demonstrate roent- 
genologically, although constant awareness of it 
would improve the number of positive examinations. 
Treatment is surgical, preferably electively, rather 
than during an acute hemorrhagic episode. 

The authors review $4 cases: 5 discovered at au- 
topsy (death unrelated to the ulcer); 9 cases proven 
at surgery (6 had preoperative roentgenologic stud y); 
and in cnly 1 case was the postbulbar ulcer demon- 
strated.— Julian B. Alvarez, M.D. 
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Jorre, Norman. Medial cecal defect associated 
with metastatic pancreatic carcinoma. Radi- 
ology, May, 1974, 777, 297-300. (Address: 
Department of Radiology, Beth Israel Hos- 
pital, 330 Brookline Avenue, Boston, Mass. 
622145.) 

Involvement of the bowel by metastatic carcinoma 
is not uncommon, especially in patients with a pri- 
mary malignancy in the breast, lungs, pancreas, 
stomach, ovary or uterus. Spread is usually by direct 
invasion from a contiguous primary neoplasm, or 
from a remote lesion by way of the mesenteric reflec- 
tions, intraperitoneal seeding, lymphatic permeation, 
or true hematogeneous emboli. The author discusses 
a relatively common sign secondary to metastatic 
pancreatic carcinoma, which may be the initial clue 
or may represent the only roentgen evidence of 
spread from a pancreatic neoplasm. This sign con- 
sists of a relatively discrete extrinsic pressure defect 
on the medial aspect of the cecum. 

The roentgenologic findings in 7 patients with this 
cecal deformity associated with metastatic pan- 
creatic carcinoma are presented. Barium studies per- 
formed on 6 of these patients all showed a similar 
roentgenologic abnormality consisting of a localized 
defect on the medial aspect of the cecum below the 
ileocecal junction. The mucosa of the cecum was in- 
tact and the appearances were essentially those of an 
extrinsic pressure defect, or less commonly, an extra- 
mucosal intramural lesion. Barium studies were not 
performed on the 7th patient who presented with 
symptoms of acute intestinal obstruction, but the 
surgical findings indicated that a similar deformity 
of the cecum would almost certainly have been dem- 
onstrated. The surgical or autopsy findings in all 7 of 
these cases confirmed the presence of a primary carci- 
noma of the pancreas with a prominent metastatic 
mass in the right lower quadrant adherent to the 
medial portion of the cecum. The mode of spread 1s 
thought to occur either by way of the mesenteric re- 
Rections or by means of intraperitoneal seeding with 
the metastatic focus found in these patients to be 
located in the region of the inferior ileocecal fossa 
which is situated adjacent to the angle of junction of 
the ileum and cecum. 

The differential diagnosis of a mass in this loca- 
tion includes: appendiceal abscess; mucocele; carci- 
noma; intussusception; Crohn's disease involving the 
terminal ileum; carcinoid; lipoma; and endometriosis. 
Other primary malignancies which may metastasize 
to this region include the ovary, colon, and stomach. 


—Donald N. Dysart, M.D. 


Fant, C., and Puntitio, F. Addome acuto da 
tumori solidi benigni del mesentere. (Acute 
abdomen from benign solid tumors of the 
mesentery.) Ann. ital. chir., 1974, 47, 235- 
2:0. (From: Pio Istituto di S. Spirito ed 
Ospedali Riuniti di Roma, Italy.) 
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Two cases are reported in which a fibroma of the 
ileocecal region and a lipoma of the mesentery of the 
mid-ileum presented with a symptomatology of acute 
abdomen. 

Roentgen studies were performed only in the pa- 
tient with the lipoma, in whom an abdominal survey 
demonstrated a typical pattern of small bowel ob- 
struction and an empty space in the mid-abdomen 
surrounded by the distended loops of small intestine. 
This particular roentgen finding known also in the 
French literature as the “vide radiographique" 
would suggest the presence of a benign cystic or 
tumoral lesion of the mesentery. 

Reviewed and discussed are the pathologic, clinical 
and roentgen findings of the benign solid tumors of 
the mesentery.—4. F. Govoni, M.D. 


Meyers, Morron A. Radiological features of 
the spread and localization of extraperitoneal 
gas and their relationship to its source: an 
anatomical approach. Radiology, April, 1974, 
111, 17-26. (Address: Department of Radiol- 
ogy, New York Hospital-Cornell University 
Medical Center, 525 E. 68th Street, New 
York, N. Y. 10021.) 


Extraperitoneal gas is usually produced by per- 
foration of bowel secondary to inflammatory or ul- 
cerative disease, blunt or penetrating trauma, a 
foreign body, iatrogenic manipulation, or gas-produc- 
ing infection originating in extraperitoneal organs. 
Extraperitoneal gas displays a characteristic spread 
and localization depending upon its source and differs 
from peritoneal gas primarily in that its spread is 
guided by the fixed fascial planes and paths of least 
tissue resistance. 

The author describes the anatomy of the extra- 
peritoneal fascial planes and compartments, based 
on careful study of body sections, postmortem injec- 
tions, and retroperitoneal pneumography. The extra- 
peritoneal region extends from the posterior parietal 
peritoneum in front to the fascia transversalis pos- 
teriorly and is demarcated into 3 distinct compart- 
ments by fascial layers: 


1. The anterior pararenal space is located between 
the posterior parietal peritoneum and the an- 
terior renal fascia and includes the ascending 
and descending colon, duodenal loop, and the 
pancreas. 

2. The perirenal compartments are located be- 
tween the anterior and posterior renal fascia 
which fuses medially with the psoas fascia and 
the great vessels. 

. The posterior pararenal space extends between 
the posterior renal fascia and the fascia trans- 
versalis and includes a thin layer of adipose 
tissue, blood vessels, and lymphatics but no 
major organs. 


. 
ws 


The hallmark of gas in the extraperitoneal tissue 1s 
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mottled or linear radiolucencies which often lie along 
established fascial planes. On erect or decubitus 
roentgenograms, these gaseous collections remain 
fixed, or show only limited mobility, a reliable dis- 
tinction from intraperitoneal gas. Observation of 2 
further characteristics on the upright roentgeno- 
grams 1s helpful in differentiating small amount. of 
extraperitoneal gas from free intraperitoneal air: 


I. Free intraperitoneal air conforms to the highest 
curvature of the dome of the diaphragm and 
may have a flat lower border. Subphrenic extra- 
peritoneal gas often parallels a lower plane of 
the diaphragmatic curvature, medial or lateral 
to its apex, and invariably demonstrates a cres- 
centic outline. 

2. Intraperitoneal subdiaphragmatic air increase* 
on inspiration and decreases on expiration in 
contrast to extraperitoneal gas which appears to 
increase on expiration and decrease on inspira- 
tion. 


The author describes the localization and spread of 
extraperitoneal gas from perforation of the descend- 
ing duodenum, gas producing infections of the pan- 
creas, perforated sigmoid diverticulitis, rectal per- 
foration, perineal gas producing infections and extra- 
peritoneal gas of subdiaphragmatic origin. Roentgen 
localization of extraperitoneal gas to a specific com- 
partment and an understanding of its route of spread, 
governed by the fascial boundaries, is of practical 
significance in determining the most likely source of 
the gas.—7. L. Montgomery, M.D. 


GENITOURINARY SYSTEM 


OLIER, CH., Benassayac, E., Garran, Pu., and 
Franc, B. La pyonéphrose xanthogranulo- 
mateuse de ladulte est-elle une affection 
rare? A propos de 71 observations anatomo- 
cliniques. (Is xanthogranulomatous pyelo- 
nephritis a rare lesion in adults? A review of 
71 anatomo-clinical cases.) Presse méd., Jan., 
1974, 3, 133-137. (Address: Dr. Ch. Olier, 
Hôpital Cochin, 27, rue du Faubourg Saint- 
Jacques, F. 75674 Paris Cedex 14, France.) 


The diagnosis of xanthogranulomatous pyelo- 
nephritis (XGP) rests upon precise macroscopic and 
histologic criteria. It is not a specific pathologic en- 
tity, but rather a particular evolutive stage of a sup- 
purative pyelonephritis, resulting from poor drainage 
of necrotic material complicated with increased cellu- 
lar destruction and liberation of lipids. 

Out of a total of 155 cases of pyelonephritis oper- 
ated on in the authors’ hospital between 1960 and 
1972, 71 cases were classified as xanthogranulomatous. 
Such a high incidence goes against the generally 
recognized rate of this process. 

In their study, the authors report a female pre- 
dominance: 47 females against 24 males. Among the 
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males, a peak incidence is noticed between 60 and 
70 years of age, whereas in the females XGP occurred 
uniformly throughout the various decades. Bilateral 
involvement has not been encountered; the right 
kidney was diseased 29 times and the left 42 times. 
The authcrs' practice being restricted to adults, no 
children are included in their study. 

Clinica! findings. The duration of symptoms ex- 
tended frcm 2 months to 16 years. Most of the pa- 
tients were or had been under antibiotic treatment 
prior to their hospital admission. Symptoms were 
nonspecific: lumbar pains, at time mimicking renal 
colics; poor general state (62 cases); fever, often os- 
cillating and above 38° C. (47 cases). A palpable ab- 
dominal or lumbar mass was present in 34 Cases. 
Urinary infection was detected in all the cases and 
was identified in 67 cases. Positive gram germs were 
responsible in 6 cases; amicrobial pyuria was en- 
countered in 7 cases, including 2 cases of renal 
tuberculosis. Negative gram germs were demon- 
strated in $1 cases and identified in 34 cases as fol- 
lows: Preteus in 23 cases, out of which 17 cases 
showed concomitant lithiasis; E. coli bacillus in 7 
cases; Pvocyanic bacillus in 2 cases; and Klebsiella 
and Aerceacter in 1 case, respectively. 

Radiotxgic findings. The radiologic investigation 
was found adequate in 56 cases. Renal mensurations 
were sometimes greatly increased, but small kidneys 
were also observed. Intravenous pyelography re- 
vealed a nonfunctional kidney in 77 per cent of the 
cases. Cavity opacification was performed either by 
percutaneous puncture of the renal pelvis or, in most 
cases, bs preoperative retrograde catheterization. 
Lithiasis, present in 43 cases, could be radiologically 
localized in 41 cases; coralliform calculi were present 
in 24 cases; pyelic lithiasis was noted in 10 other 
cases; calyceal lithiasis in $ others, and ureteral 
lithiasis 1n 4 cases. Chemical analysis, performed in 
32 of these cases, yielded a phosphatic content in 19 
cases, on oxalic content in 7, and uric content in 6. In 
the 15 remaining cases radiologically investigated, 
no lithiasis was demonstrated. A tumoral appearance 
was observec in 4 of them without obstruction. Ar- 
teriograrhy, which was performed in 3 of them, dem- 
onstrated elongation and thinning of the arteries 
around a dense avascular mass, without anomalies of 
the peripheral vessels or of the venous return. In 1 
of the cases malakoplakia was associated with the 
xanthogranuloma. 

The comparison of this radiologic series with one of 
nonxanthogranulomatous pyelonephritis did notshow 
a signifcant difference in the lithiasis incidence or 
the radiologic appearance. Two particular aspects 
deserve mention: (1) cyst formations unmodified by 
compression were observed in 4 cases (such a finding 
is attributable to the intense sclerotic reaction); (2) 
"geographical map" margins of the opacified pyelo- 
calycea! cavities which are explained by pyofibrinous 
deposits. 

Surgical treatment. 'Total nephrectomy was per- 
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formed in 65 cases, completed by preventive ureterec- 
tomy in 3 cases. Splenectomy was necessitated in 2 
cases due to accidental tearing during the operation. 
When the lesions were circumscribed, a more con- 
servative treatment was applied: partial nephrec- 
tomy was resorted to in 2 cases; enucleation of the 
granuloma in 1 case; and simple surgical drainage of 
the abscessed granuloma in 3 cases. 

Surgical complications included: prolonged opera- 
tive scar suppuration in 6 cases; persistent lumbar 
fistula in 1 case; and postoperative death supervened 
in 2 cases, one from massive hemorrhage following 
surgical laceration of vena cava and the other from 
cachexia and amyloidosis.—Henri-Paul! Lévesque, 


M.D. 


GorpiN, Aran R., Naupe, Jowan H., and 
THATCHER, Georrrey N. Therapeutic per- 
cutaneous renal infarction. Brit. J. Urol., 
April, 1974, 46, 133-135. (From: Depart- 
ments of Diagnostic Radiology, Urology, and 
Medicine, Groote Schuur Hospital and the 
University of Cape Town, South Africa.) 


. A sterile barium suspension was injected ofa selec- 
tive renal catheter in order to induce therapeutic in- 
farction in a hypertensive patient. 

The circumstances of this case were as follows: a 
21 year old woman developed renal failure on the 
basis of rapidly progressive glomerulonephritis. One 
kidney was resected at the time of a cadaver renal 
transplantation; however, the graft was rejected. 
She was subsequently managed by hemodialysis, al- 
though despite adequate medical therapy her hyper- 
tension had been uncontrollable. Nephrectomy had 
been considered, but was felt to carry an excessive 
risk in this instance and for that reason she was re- 
ferred for percutaneous infarction. Preliminary ab- 
dominal aortography viz percutaneous femoral cathe- 
ter confirmed the presence of a single right renal ar- 
tery which was then catheterized. The selective renal 
arteriogram demonstrated a contracted kidney with 
a thin rim of parenchyma and also showed that there 
was no adrenal artery arising from the renal artery. 
At this point, with the patient slightly rotated to the 
right to lower the kidney, 5 ml. of barium suspension 
was carefully injected with fluoroscopic monitoring. 
The renal circulation was filled as far proximal as the 
main divisions -of the renal artery, and barium was 
not permitted to reflux proxima] to the catheter tip. 
The patient remained in the right oblique position 
for 20 minutes following the procedure. Right flank 
pain developed 1 hour after infarction and was 
moderately severe for 3 days. The white blood cell 
count rose, but then returned to normal after to 
days. The blood pressure gradually dropped to 150 
over go ml. of mercury and remained at that level. 
An abdominal roentgenogram 6 weeks following the 
procedure showed that the barium filled vessels had 
decreased in size. 
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The authors point out that the safety of per- 
cutaneous renal infarction depends entirely on me- 
ticulous injection of the barium suspension, with 
great care being exercised to prevent reflux into the 
aorta with risk of paraplegia. This control was 
readily achieved by means of fluoroscopic monitoring 
of multiple small volume barium injections.—R. H. 
Troupin, M.D. 


CENDRON, J., GUBLER, J. P., VALAYER, J., and 
Kirrakos, S. Dysplasie multikystique du rein 
chez l'enfant: à propos de 45 observations. 
(Multicystic dysplasia of the kidney in chil- 
dren: report of 45 cases.) J. urol. et néphrol., 
Oct.-Nov., 1973, 79, 773-799. 


Multicystic renal dysplasia also has been called 
multicystic kidney (MCK) by Schwartz in 1936. Itis 
not an exceptional renal malformation in children; it 
ig more common than polycystic disease or multilocu- 
Jar cyst. It is an acquired, nonhereditary congenital 
lesion, usually without familial history. About 150 
cases have been recorded in the literature under 
varied denominations. . 

Three main criteria distinguish the MCK from the 
other cystic renal disorders: the cystic malformation 
is unilateral; the dysplasia involves the whole kidney; 
and its nature is fetal, not congenital. 

The authors have collected 45 cases over a period 
of 12 years. Sex distribution was practically equal 
and the ages ranged from o to 10 years: 80 per cent 
before the age of 2; and 60 per cent before 16 months. 
In 28 cases, the right kidney was involved; in 17 
cases, it was the left kidney. In 2 cases afflicted with a 
double kidney, the lesion was observed in the upper 
one. The lesion was also present in 2 cases with horse- 
shoe kidney and in 1 case with crossed renal ectopia. 
Five of the cases were diagnosed at autopsy. 

The malformation presents 2 different anatomo- 
clinical forms: (1) the pseudotumoral MCK, where 
the size and weight exceed those of a normal kidney 
with a contralateral kidney usually normal; (2) the 
hypoplastic MCK associated in 50 per cent of the 
cases with contralateral nephrourinary lesions. In 20 
cases, where a tumoral mass was clinically discovered, 
the mass corresponded to a pseudotumoral MCK in 
17 cases and in 3 cases to a contra-lateral dilated kid- 
ney, the other kidney being a small hypoplastic 
MCK. In 22 cases where the MCK was revealed by 
nephrourologic symptoms, the hypoplastic type was 
present except in I case. Clinical symptoms are not 
due to the hypoplastic MCK, but to contralateral 
renal lesions. 

Radiologic findings. The plain film roentgenogram 
of the abdomen is useful only in newborns and for the 
pseudotumoral MCK, revealing the retroperitoneal 
location of the mass by the compression of the small 
and large bowels. The barium enema study might 
demonstrate compression or lowering of the colon. 
Intravenous urography is an essential examination 
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and was performed in 38 of the cases. The MCK is 
not functional and the contralateral kidney was nor- 
mal in 19 cases, but abnormal in 19 others. A pyelo- 
ureteral junction syndrome was present in 5 cases, 
and in 2 other cases the pyelocalyceal dilatation was 
attributable to compression by a large MCK. Ure- 
teral stenosis was demonstrated in 1 case, ureteral 
reflux in 4 cases, lithiasis in 1 case, hypoplasia in 2 
cases and unobstructive pyelocalyceal anomaly in 1 
case. Cystography will rarely opacify the blind 
ureter but is useful, when a contralateral lesion is 
suspected, to demonstrate ureterocele and detect 
ureteral reflux. Cystoscopy was performed 28 times, 
revealing an absent ureteral meatus in 5 cases, a 
gaping meatus in I case and ureterocele in 4 cases. 
An obliterated ureter was found in 2 cases and was 
partially catheterized. Retrograde pyelography was 
performed when the ureteral orifice could be cathe- 
terized. When a blind ureter is demonstrated with 
reflux of the contrast medium in the bladder, these 
changes favor a MCK. 

The differential clinical diagnosis is different ac- 
cording the age of the patient and the pseudotumoral 
or hypoplastic type of the MCK. In the tumoral 
form, MCK is highly suggestive with the sympto- 
matic triad: lumbar tumor; nonfunctional kidney; 
and blind ureter. In the forms revealed by urinary 
symptomatology, the symptoms are related to con- 
tralateral lesions, the MCK being nonfunctional and 
hypoplastic. The urologic investigation has 2 goals: 
(1) the identification of the silent kidney (if it is as- 
sociated with a blind ureter, the diagnosis is certain, 
if the ureteral meatus is absent, MCK is to be con- 
sidered along with renal agenesis which is often asso- 
ciated with homolateral malformation of the gonad); 
(2) identification of the contralateral lesion responsi- 
ble for the symptoms. 

Pathologic anatomy. The MCK is characterized by 
3 essential elements: a polycavitary mass without a 
kidney-shape; more or less extensive atresia of the 
ureter; and filiform blood vessels. Macroscopically, 
the MCK is formed by multiple cystic cavities sur- 
rounding a dense central core, where the blood ves- 
sels and the ureter, if present, converge. In the tu- 
moral form, the involved kidney is larger than the 
contralateral kidney, the cysts are pressed one 
against another. The cysts are translucid and, after 
opaque medium injection, intercommunication be- 
tween 2 or 3 of them may be demonstrated. There is 
no communication between the cysts and the ureter 
or the hypoplastic excretory cavities that might be 
present in the central core. 

In the hypoplastic form, the same macroscopic as- 
pect is observed except that the peripheral cysts are 
smaller, less numerous, and less crowded. 

The central core of the MCK is composed of a 
fibrous structure intermingled with cystic micro- 
cavities reminiscent of aborted calyces or pelvis. 

The blood supply of the MCK is rarely secured by 
an individual pedicle, but usually by many tiny ar- 
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terioles originating from the aorta. The perirenal net- 
work is abandant. 

The excretory system is practically always abnor- 
mal: it was totally absent in 13 cases, although there 
was in I case a vesical meatus which could not be 
catheterized, or it might be present as a vague fibrous 
tract. [n most cases the ureter is present w th atresia 
of its upper part. 

Histologically, the dysplasia in the MCK is asso- 
ciated with a complete architectural disorganization 
and immature structures. The contralateral anom- 
alies of the kidney are seen nearly exclusively in the 
hypoplast:> type of MCK. 

In the cifferential histopathologic diagnosis, the 
authors discuss the infantile and adult type of poly- 
cystic disease, multilocular cyst, solitary cyst, uri- 
nary Cysts, diffuse cortical cystosis and medullary 
sponge kidney. 

At the cad, they consider the hypotheses concern- 
ing the pathogenesis of MCK related to the meta- 
nephros and the ureteral bud.—Henri-Pau/ Lévesque, 
M.D. 


SKELETAL SYSTEM 


BoncHi, A., and D'Erronnz, A. L’osteoblas- 
toma benigno: considerazioni radiologiche su 
43 casi. (The benign osteoblastoma: radio- 
logic ccnsiderations on 43 cases.) Riv. radio/., 
1973, 73, 47-66. (Address: A. Borghi, Ser- 
vizio di Radiologia, Istituto Ortopedico Riz- 
zoli, Bologna, Italy.) 


The osteoblastoma, which is also known under the 
following synonyms: osteogenic fibroma (Golding 
and Sisson, 1954); osteoblastocytoma (Reitano and 
Lanza, 1655); and giant osteoid osteoma (Dahlin 
and Johnson, 1954), is a rare benign neoplasm of the 
bone ariszng from the mesenchymal elements, the 
osteoblasts, and characterized by the proliferation of 
these cells with new formation of osteoid tissue. 

Jaffe (1956) and Lichtenstein (1956) first recog- 
nized the pathologic changes which are the character- 
istics of the osteoblastoma, while the largest series 
which brought further light on this type of osseous 
neoplasm were by Goidanich and Battaglia (1958) 
and Lichtenstein and Sawier (1964). 

From an analysis of the literature and of their own 
series the authors point out that the tumor is more 
frequent im the second and third decade, that pa- 
tients of the male sex are more often affected, and 
that the tumor involves mainly the long bones and 
the spine. Rare are other localizations and excep- 
tional is the involvement of a phalanx (Appicciutoli 
et al., 1971). 

Briefly reviewed are the gross pathologic and the 
histologic findings. Discussed in detail are the roent- 
gen characteristics which should lead to a correct 
roentgenologic conclusion, and the differential diag- 
nostic criteria with other bone lesions, such as: 
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formed in 65 cases, completed by preventive ureterec- 
tomy in 3 cases. Splenectomy was necessitated in 2 
cases due to accidental tearing during the operation. 
When the lesions were circumscribed, a more con- 
servative treatment was applied: partial nephrec- 
tomy was resorted to in 2 cases; enucleation of the 
granuloma in I case; and simple surgical drainage of 
the abscessed granuloma in 3 cases. 

Surgical complications included: prolonged opera- 
tive scar suppuration in 6 cases; persistent lumbar 
fistula in 1 case; and postoperative death supervened 
in 2 cases, one from massive hemorrhage following 
surgical laceration of vena cava and the other from 
cachexia and amyloidosis.—Henri-Pau/ Lévesque, 


M.D. 


Gotpin, ALAN R., Naupe, Jonan H., and 
THATCHER, GEOFFREY N. Therapeutic per- 
cutaneous renal infarction. Brit. F. Urol., 
April, 1974, 46, 133-135. (From: Depart- 
ments of Diagnostic Radiology, Urology, and 
Medicine, Groote Schuur Hospital and the 
University of Cape Town, South Africa.) 


A sterile barium suspension was injected via selec- 
tive renal catheter in order to induce therapeutic in- 
farction in a hypertensive patient. 

'The circumstances of this case were as follows: a 
21 year old woman developed renal failure on the 
basis of rapidly progressive glomerulonephritis. One 
kidney was resected at the time of a cadaver renal 
transplantation; however, the graft was rejected. 
She was subsequently managed by hemodialysis, al- 
though despite adequate medical therapy her hyper- 
tension had been uncontrollable. Nephrectomy had 
been considered, but was felt to carry an excessive 
risk in this instance and for that reason she was re- 
ferred for percutaneous infarction. Preliminary ab- 
dominal aortography via percutaneous femoral cathe- 
ter confirmed the presence of a single right renal ar- 
tery which was then catheterized. The selective renal 
arteriogram demonstrated a contracted kidney with 
a thin rim of parenchyma and also showed that there 
was no adrenal artery arising from the renal artery. 
At this point, with the patient slightly rotated to the 
right to lower the kidney, 5 ml. of barium suspension 
was carefully injected with fluoroscopic monitoring. 
The renal circulation was filled as far proximal as the 
main divisions of the renal artery, and barium was 
not permitted to reflux proximal to the catheter tip. 
The patient remained in the right oblique position 
for 20 minutes following the procedure. Right flank 
pain developed 1 hour after infarction and was 
moderately severe for 3 days. The white blood cell 
count rose, but then returned to normal after 10 
days. The blood pressure gradually dropped to 150 
over go ml. of mercury and remained at that level. 
An abdominal roentgenogram 6 weeks following the 
procedure showed that the barium filled vessels had 
decreased in size. 
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The authors point out that the safety of per- 
cutaneous renal infarction depends entirely on me- 
ticulous injection of the barium suspension, with 
great care being exercised to prevent reflux into the 
aorta with risk of paraplegia. This control was 
readily achieved by means of fluoroscopic monitoring 
of multiple small volume barium injections.—R. H. 
Troupin, M.D. 


CeNDRON, J., GUBLER, J. P., VALAYER, J., and 
Kirrakos, S. Dysplasie multikystique du rein 
chez l'enfant: à propos de 45 observations. 
(Multicystic dysplasia of the kidney in chil- 
dren: report of 45 cases.) F. urol. et néphrol., 
Oct.-Nov., 19735 79, 773-799: 


Multicystic renal dysplasia also has been called 
multicystic kidney (MCK) by Schwartz in 1936. It is 
not an exceptional renal malformation in children; it 
is more common than polycystic disease or multilocu- 
lar cyst. It is an acquired, nonhereditary congenital 
lesion, usually without familial history. About 150 
cases have been recorded in the literature under 
varied denominations. 

Three main criteria distinguish the MCK from the 
other cystic renal disorders: the cystic malformation 
is unilateral; the dysplasia involves the whole kidney; 
and its nature is fetal, not congenital. 

The authors have collected 45 cases over a period 
of 12 years. Sex distribution was practically equal 
and the ages ranged from o to Io years: 80 per cent 
before the age of 2; and 60 per cent before 16 months. 
In 28 cases, the right kidney was involved; in 17 
cases, it was the left kidney. In 2 cases afflicted with a 
double kidney, the lesion was observed in the upper 
one. The lesion was also present in 2 cases with horse- 
shoe kidney and in 1 case with crossed renal ectopia. 
Five of the cases were diagnosed at autopsy. 

The malformation presents 2 different anatomo- 
clinical forms: (1) the pseudotumoral MCK, where 
the size and weight exceed those of a normal kidney 
with a contralateral kidney usually normal; (2) the 
hypoplastic MCK associated in 50 per cent of the 
cases with contralateral nephrourinary lesions. In 20 
cases, where a tumoral mass was clinically discovered, 
the mass corresponded to a pseudotumoral MCK in 
17 cases and in 3 cases to a contra-lateral dilated kid- 
ney, the other kidney being a small hypoplastic 
MCK. In 22 cases where the MCK was revealed by 
nephrourologic symptoms, the hypoplastic type was 
present except in I case. Clinical symptoms are not 
due to the hypoplastic MCK, but to contralateral 
renal lesions. 

Radiologic findings. The plain film roentgenogram 
of the abdomen is useful only in newborns and for the 
pseudotumoral MCK, revealing the retroperitoneal 
location of the mass by the compression of the small 
and large bowels. The barium enema study might 
demonstrate compression or lowering of the colon. 
Intravenous urography is an essential examination 
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and was performed in 38 of the cases. The MCK is 
not functional and the contralateral kidney was nor- 
mal in 19 cases, but abnormal in 19 others. A pyelo- 
ureteral junction syndrome was present in 5 cases, 
and in 2 other cases the pyelocalyceal dilatation was 
attributable to compression by a large MCK. Ure- 
teral stenosis was demonstrated in 1 case, ureteral 
reflux in 4 cases, lithiasis in 1 case, hypoplasia in 2 
cases and unobstructive pyelocalyceal anomaly in t 
case. Cystography will rarely opacify the blind 
ureter but is useful, when a contralateral lesion is 
suspected, to demonstrate ureterocele and detect 
ureteral reflux. Cystoscopy was performed 28 times, 
revealing an absent ureteral meatus in § cases, a 
gaping meatus in I case and ureterocele in 4 cases. 
An obliterated ureter was found in 2 cases and was 
partially catheterized. Retrograde pyelography was 
performed when the ureteral orifice could be cathe- 
terized. When a blind ureter is demonstrated with 
reflux of the contrast medium in the bladder, these 
changes favor a MCK. 

The differential clinical diagnosis is different ac- 
cording the age of the patient and the pseudotumoral 
or hypoplastic type of the MCK. In the tumoral 
form, MCK is highly suggestive with the sympto- 
matic triad: lumbar tumor; nonfunctional kidney; 
and blind ureter. In the forms revealed by urinary 
symptomatology, the symptoms are related to con- 
tralateral lesions, the MCK being nonfunctional and 
hypoplastic. The urologic investigation has 2 goals: 
(1) the identification of the silent kidney (if it is as- 
sociated with a blind ureter, the diagnosis is certain, 
if the ureteral meatus is absent, MCK is to be con- 
sidered along with renal agenesis which is often asso- 
ciated with homolateral malformation of the gonad); 
(2) identification of the contralateral lesion responsi- 
ble for the symptoms. 

Pathologic anatomy. The MCK is characterized by 
3 essential elements: a polycavitary mass without a 
kidney-shape; more or less extensive atresia of the 
ureter; and filiform blood vessels. Macroscopically, 
the MCK is formed by multiple cystic cavities sur- 
rounding a dense central core, where the blood ves- 
sels and the ureter, if present, converge. In the tu- 
moral form, the involved kidney is larger than the 
contralateral kidney, the cysts are pressed one 
against another. The cysts are translucid and, after 
opaque medium injection, intercommunication be- 
tween 2 or 3 of them may be demonstrated. There is 
no communication between the cysts and the ureter 
or the hypoplastic excretory cavities that might be 
present in the central core. 

In the hypoplastic form, the same macroscopic as- 
pect is observed except that the peripheral cysts are 
smaller, less numerous, and less crowded. 

The central core of the MCK is composed of a 
fibrous structure intermingled with cystic micro- 
cavities reminiscent of aborted calyces or pelvis. 

The blood supply of the MCK is rarely secured by 
an individual pedicle, but usually by many tiny ar- 
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terioles originating from the aorta. The perirenal net- 
work is abandant. 

The excretory system is practically always abnor- 
mal: it was totally absent in 13 cases, although there 
was in I case a vesical meatus which could not be 
catheterized, or it might be present as a vague fibrous 
tract. [n most cases the ureter is present w th atresia 
of its uppe- part. 

Histolog:cally, the dysplasia in the MCK is asso- 
ciated with a complete architectural disorganization 
and immaaure structures. The contralateral anom- 
alies of the kidney are seen nearly exclusively in the 
hypoplastic type of MCK. 

In the d:fferential histopathologic diagnosis, the 
authors discuss the infantile and adult type of poly- 
cystic disezse, multilocular cyst, solitary cyst, uri- 
nary cysts, diffuse cortical cystosis and medullary 
sponge kidrey. 

At the end, they consider the hypotheses concern- 
ing the pathogenesis of MCK related to the meta- 
nephros anc the ureteral bud.—Henri-Pau/ Lévesque, 
M.D. 


SKELETAL SysTEM 


BoncHi, A., and D'Erronnz, A. L’osteoblas- 
toma beaigno: considerazioni radiologiche su 
43 casi. (The benign osteoblastoma: radio- 
logic corsiderations on 43 cases.) Riv. radiol., 
1973, Z5, 47-66. (Address: A. Borghi, Ser- 
vizio di Radiologia, Istituto Ortopedico Riz- 
zoli, Bologna, Italy.) 


The oste@blastoma, which is also known under the 
following synonyms: osteogenic fibroma (Golding 
and Sisson, 1954); osteoblastocytoma (Reitano and 
Lanza, 196%); and giant osteoid osteoma (Dahlin 
and Johnsor, 1954), is a rare benign neoplasm of the 
bone arising from the mesenchymal elements, the 
osteoblasts, ind characterized by the proliferation of 
these cells with new formation of osteoid tissue. 

Jaffe (1956) and Lichtenstein (1956) first recog- 
nized the pathologic changes which are the character- 
istics of the osteoblastoma, while the largest series 
which brought further light on this type of osseous 
neoplasm were by Goidanich and Battaglia (1958) 
and Lichtenstein and Sawier (1964). 

From an aaalysis of the literature and of their own 
series the authors point out that the tumor is more 
frequent in -he second and third decade, that pa- 
tients of the male sex are more often affected, and 
that the turror involves mainly the long bones and 
the spine. Rare are other localizations and excep- 
tional is the nvolvement of a phalanx (Appicciutoli 
et al., 1971). 

Briefly reviewed are the gross pathologic and the 
histologic findings. Discussed in detail are the roent- 
gen characteristics which should lead to a correct 
roentgenolog:c conclusion, and the differential diag- 
nostic criteria with other bone lesions, such as: 
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Brodie’s abscess, osteogenic fibroma, chondroblas- 
toma, and osteoid osteoma. 

The authors have reviewed the case histories of 
the Archives of the Istituto Ortopedico Rizzoli and 
found 43 cases of benign osteoblastoma, of which 14 
were previously reported by Goidanich and Battaglia. 

The roentgen findings were grouped as follows: (1) 
area of osteolysis without an associated osteosclerotic 
reaction (5 cases); (2) area of osteolysis with peri- 
focal osteosclerotic reaction (16 cases); (3) expansion 
of the involved bone with central calcifications (10 
cases); (4) multicameral aspect (8 cases); and (5) 
osteosclerosis and hyperostosis (4 cases). 

Several reproductions demonstrate the roentgen 
findings described by the authors.— 4. F. Govont, 
M.D. 


Pavia, C., and VoLTERRANI, F. Lo studio delle 
para-osteoartropatie nei paraplegici. (The 
study of the para-osteoarthropathies in para- 
plegics.) Nuntius Radiol., Sept., 1969, 35, 
831-841. (From: Reparto radiologico del 
Centro Traumatologico Ortopedico di Mi- 
lano, Italy.) 


The authors, after a brief review of the pathologic 
changes and of the etiopathogenesis of the hetero- 
topic ossifications observed in patients with trau- 
matic spinal cord injuries, describe the related roent- 
gen findings and discuss them also from the differ- 
ential point of view. 

This analysis is based on a review of 380 para- or 
tetraplegic patients, of whom 152 presented para- 
articular heterotopic processes of ossification. The 
appearance of these new bone formations was noted 
between the seventh and tenth week from the trauma, 
reaching the maximal formation of bone within 2 
years. 

The heterotopic ossifications were noted in the hip 
in 78 cases, in the knee in 36, in the femur in 25, in 
the elbow in 9, and in the shoulder in 4 cases. 

The spinal cord lesion was localized in the cervical 
spine in 17 cases, between Tı and Tg in 52, between 
Tio and T12 in 23, and in the lumbar segment in 60 
patients. 

Several demonstrative illustrations accompany 
the article. The references are limited only to the 
French and Italian medical literature.—Z. F. Govont, 
M.D. 


Rémy, J., BEcuery, P., Binor, A., and Ponte, 
C. La dysplasie spondylo-épiphysaire tar- 
dive: à propos de trois observations nou- 
velles. (Spondylo-epiphyseal dysplasia tarda; 
report of 3 new cases.) F. de radiol., d’ électrol. 
et de méd. nucléaire, Nov., 1973, 54, 805-812. 
(Address: Pr agr. J. Rémy, Service central de 
Radiologie, Hôpital A.-Calmette, F. 59000 
Lille, France.) 
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Spondylo-epiphyseal dysplasia tarda (SEDT) is a 
rare hereditary disease with a recessive X.linked 
transmission. Only 88 cases have been recorded in 
the literature, but its frequency 1s probably under- 
estimated: the entity 1s poorly known and its minor 
forms are unrecognized. 

'The authors present the history and the radiologic 
manifestations of the disease in 3 brothers, aged re- 
spectively 18, 17 and 12 years. In their discussion, 
they proceeded to a general review of the disease. 

SEDT is usually discovered past the age of 1o, on 
account of a short stature or premature osteoarthro- 
sis, or at the occasion of a family study. Clinically, 
the dysmorphism is rather typical: there 1s a mild 
dwarfism due to a trunk shortening; the extremities 
are normally developed. The pubis-vertex distance is 
shorter than the pubis-ground distance. Dorsal 
xyphosis and lumbar hyperlordosis are frequently 
present. The narrow pelvic rim contrasts with the 
normal scapular rim. The neck is short, but the face 
and skull are normal. 

Radiologic changes. There 1s a generalized verte- 
bral platyspondyly. The lesions predominate in the 
lower dorsal and the lumbar area with a character- 
istic aspect. In the anteroposterior view, the verte- 
bral body is flattened, its end plates are irregular with 
a median biconvex bulging. In the lateral view the 
anterior third of the vertebral body is flat and the 
biconvex bulging involves the posterior two-third. 
In the cervical region and the upper half of the dorsal 
spine, the vertebral bodies are generally flattened 
with their end plates irregular, slightly undulated 
but remaining grossly parallel. In some cases, the 
odontoid process is hypoplastic and cone-shaped. In 
adults, early spondylarthrosis developed: the inter- 
vertebral disk is thinned, sometimes calcified, and 
often shows the vacuum sign in patients under 40 
years of age. 

The epiphyseal lesions are inconstant, moderate 
and predominate in the proximal extremities. Their 
shape is more altered than trabecular structures. The 
articular surfaces are irregular, flattened and flared. 

The differential diagnosis of SEDT 1s easy when its 
features are known. In the poly-epiphyseal dysplasia 
with vertebral involvement, there is no platyspondyly 
and the end plates are irregular with intraspongious 
herniations reminiscent of Scheuermann's disease. In 
brachylomy, there is also truncular dwarfism and 
generalized platyspondyly, but the end plates of the 
vertebral bodies remain parallel, irregular, some- 
times biconcave. The epiphyseal lesions are usually 
restricted to the hips. In spondylometaphyseal dys- 
plasia, platyspondyly is generalized, but the verte- 
bral lesions are more severe and the changes of the 
pelvis are diagnostic. In congenital spondylo- 
epiphyseal dysplasia, the disease is present from 
birth and the pelvic changes are again diagnostic. 
Morquio’s disease manifests itself earlier, dwarfism 
is more pronounced, platyspondyly is marked with 
a typical tongue-like projection on the anterior wall 
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of the vertebral body. On the other hand, the epi- 
physeal and metaphyseal lesions are generalized.— 


Henri-Paul Lévesque, M.D. 


FELDMAN, FRIEDA, JoHNsoN, Austin M., and 
WALTER, JOSEPH F. Acute axial neuroarthrop- 
athy. Radiology, April, 1974, ZZZ, 1-16. 
(Address: Frieda Feldman, M.D., Depart- 
ment of Radiology, Columbia-Presbyterian 
Medical Center, 622 W. 168th Street, New 
York, N. Y. 10052.) 


Although neuroarthropathies were once linked 
with varied spinal cord and peripheral nerve lesions, 
they are most commonly referred to as *'Charcot's 
joints," associated with tabes, and described as dis- 
organized, unstable, and painless. 

Various theories of pathogenesis have evolved 
through the years. The consensus of opinion cur- 
rently favors involvement of insensitive joints which 
are actively misused or abused as motor power re- 
mains intact. Varied etiologies and clinical presenta- 
tions suggest additional contributory factors, such 
as local infection and vasomotor, trophic, and 
metabolic disturbances; however, these have not been 
substantiated. 

Diabetic arthropathy has been particularly prob- 
lematic, being regarded alternately as neuropathic, 
infectious, or ischemic in origin. Productive bone 
changes have been linked with central spinal cord 
lesions such as trauma, tumor, congenital malforma- 
tions, and diseases which commonly spare the sym- 
pathetic nervous system, including tabes, (posterior 
tracts) and syringomyelia (central gray matter). De- 
structive bone manifestations have been associated 
more often with peripheral nerve injuries and related 
to trauma, alcoholism, and diabetes, which pre- 
sumably affects postganglionic nerve segments carry- 
ing sympathetic vasoconstrictive as well as sensory 
and motor fibers. 

It has been postulated that neuroarthropathy may 
be related to a neurally initiated vascular reflex lead- 
ing to increased osteoclastic bone resorption in an 
area supplied by a particular vascular bed. Thus, 
loss of vasoconstrictive impulses presumably leads to 
osteolysis due to hyperemia and bone resorption; 
however, local fragmentation may mechanically com- 
promise vascular supply, leading to local necrosis. 
Thus, the pathogenesis of neuroarthropathy has not 
been entirely resolved, with current clinical concepts 
being based predominantly on peripheral manifes- 
tations. 

Mention of a “Charcot joint” has invariably con- 
jured up a classical clinical and roentgenographic 
complex involving swelling, hypermobility, malalign- 
ment, and osteosclerosis without pain in a peripheral 
joint, typically appearing in a patient with a pro- 
tracted course and positive serology and usually fol- 
lowing minor trauma. 

The authors review their experience with 14 cases 
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which indizates that these prerequisites are often not 
satished, rarticularly when applied to the vertebral 
column. Iheir cases emphasize that the spine de- 
serves more frequent consideration as a primary 
presentinz site of neuropathic disease and document 
its acute cr rapidly progressive development in the 
spine. Several less familiar clinical and roentgeno- 
graphic features are illustrated. 

Because of the problems that exist in a pathologic, 
serologic, and clinical diagnosis of neuropathic dis- 
ease, the pivotal role of the roentgenologist in sug- 
gesting or confirming the diagnosis is emphasized.— 


Jon F. Be-gstrom, M.D. 


Meema, H. Erik, Ongorouros, Dimirrios G., 
RasinovicH, Sor, Huspan, Harry, and 
Rapoport, ABRAHAM. Periosteal new bone 
formation (periosteal neostosis) in renal os- 
teodystrophy: relationship to osteosclerosis, 
osteitis fibrosa, and osteoid excess. Radiology, 
March, 1974, 770, 513-522. (Address: H. 
Erik Meema, M.D., The Toronto Western 
Hospital, 399 Bathurst Street, Toronto, On- 
tario M;T 2R8, Canada.) 


Periosteal new bone formation may be either cen- 
trifugal «cr appositional), in which lamellar new bone 
is slowly added to the external bone surfaces, or cen- 
tripetal, in which new bone forms along an elevated 
periosteum at some distance from the bone. To dis- 
tinguish tais latter form, the term periosteal neostosis 
(PN) is saggested. An example of this type of reac- 
tion is found in hypertrophic osteoarthropathy. 
Periostea_ neostosis in renal osteodystrophy has been 
previously described in only 11 patients. 

In a review of 117 patients with chronic renal dis- 
ease, the authors found 10 patients with PN. All 
their patiznts were studied with comprehensive skele- 
tal surweys, microradioscopic examination of the 
hands fer subperiosteal and intracortical resorption, 
grading of osteosclerosis and arterial calcifications, 
and densitometric evaluation of bone mineral con- 
tent. Iliac crest biopsies were performed when possi- 
ble to evzluate for osteitis fibrosa, osteomalacia, and 
osteosclerosis. 

Of the 10 patients with PN, 6 had been treated 
with hemodialysis or peritoneal dialysis. Four had 
complamed of some bone pain during the period of 
observation of the PN. In the patients with PN, 
serum cclcium levels were variable, serum phos- 
phorus levels were elevated in all but 1 (who had 
had a renal transplant) and alkaline phosphatase 
levels were elevated in all. In the patients without 
PN, alkaline phosphatase was elevated in less than 
half. PN was observed in a variety of long bones, 
most commonly in the metatarsals, and also in the 
pelvis. S ibperiosteal resorption was seen in all pa- 
tients with PN. Osteosclerosis was observed roent- 
genographically in 9 or 10. There was no significant 
difference in occurrence of pathologic fractures or 


VoL. 122, No. 2 


soft tissue calcifications in patients with or without 
PN. Iliac crest biopsies were performed in 8 of the 
10 patients. Of the 8, all showed osteoid excess (os- 
teomalacia), 7 showed osteitis fibrosa, and 3 or 4 
showed osteosclerosis. Periosteal calcifications or new 
bone formations were seen histologically in 7 of the 
cases upon review of the material. Histologic obser- 
vation in this series suggests that the primary factor 
in pathogenesis of PN is osteitis fibrosa rather than 
osteomalacia, as has been previously suggested. 

PN is apparently one of the hyperostotic manifes- 
tations of secondary hyperparathyroidism occurring 
in chronic renal disease and is usually associated with 
osteosclerotic skeletal changes seen elsewhere in the 


bodv.—7. M. Stoebner, M.D. 


BLoop AND LYMPH SYSTEM 


SokoLorr, JoeL, Wicksom, IncmMar, Mc- 
DowNarp, DANIEL, BRAHME, FOLKE, GOER- 
GEN, THomas G., and GOLDBERGER, Law- 
RENCE E. Therapeutic percutaneous emboli- 
zation in intractable epistaxis. Radiology, 
May, 1974, ZZZ, 285-287. (Address: Joel 
Sokoloff, M.D., Department of Radiology, 
University of California, San Diego, Calif.) 


Two cases of intractable epistaxis with angio- 
graphic localization of the site of hemorrhage and 
successful percutaneous therapeutic embolization 
are reported. Both patients had profuse hemorrhage 
which did not respond to posterior nasal packs and 
requ red transfusion in both cases. Selective external 
carotid arteriography localized the active bleeding 
sites from the sphenopalatine artery. Selective em- 
bolization of the maxillary artery was accomplished 
using Gelfoam particles cut to 1-3 mm. in size sus- 
pended in normal saline. There was prompt occlusion 
of the offending vessel and immediate cessation of 
bleeding in both cases 

These cases illustrate that angiography can not 
only localize the site of bleeding in instances where 
surgical intervention 1s needed, but can be utilized 
as a therapeutic procedure. The only morbidity was 
a transient right infraorbital hypoesthesia in the 
second reported case. 

An addendum to the article relates the experience 
with an additional patient with successful control of 
the epistaxis. Aspiration secondary to profuse hemor- 
rhage occurred and the authors recommend the use 
of endotracheal intubation in instances of severe 


bleed:ng.— ames A. Chapman, M.D. 


EKELUND, LEIF, and LUNDERQUIST, ANDERS. 
Pharmacoangiography with angiotensin. Ra- 
diclogy, March, 1974, 770, 533-540. (Address: 
Leif Ekelund, M.D., Department of Diag- 
nostic Radiology, University Hospital, Lund, 
Sweden.) 


Eighty patients from 10 to 79 years of age received 
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selective catheterization of various vessels. Fifteen to 
20 minutes after routine angiography, angiotensin 
was employed as a pharmacoangiographic agent. In 
one-half of the patients the hepatic artery was in- 
jected. The remainder was among the celiac, superior 
mesenteric, inferior mesenteric, iliac, femoral, sub- 
clavian, and other arteries. No untoward reactions 
were encountered. 

Methods of injection and recommended dosages of 
angiotensin are given. The diagnostic value of angi- 
ography improved in 70 per cent of the cases. In 5 
cases there was reduction of diagnostic value. In 3 
patients (1 with liver metastasis, 1 with fibrosarcoma 
in the soft tissue of the arm, and 1 with adenocarci- 
noma of the cecum) tumor vessels could be seen only 
following angiotensin injection. The diagnostic im- 
provement reflected a higher concentration of con- 
trast material in the smaller arteries due to reduced 
blood flow. Also, there was visualization of a larger 
number of tumor vessels and improved outlining of 


tumors.—/4. Kent Teaford, M.D. 
RADIATION THERAPY 


JACQUILLAT, CL., BELpomme, D., Wrir, M., 
AUCLERC, G., TEILLET, F., WEISGERBER, C., 
Tanzer, J., Borron, M., and BERNARD, 
Jean. Les néoplasies simultanées et succes- 
sives: à propos de 18 observations d'affections 
malignes compliquant l'évolution de la mal- 
adie de Hodgkin. (The simultaneous and suc- 
cessive neoplasms: report of 18 observations 
of malignancy complicating the evolution of 
Hodgkin's disease.) La nouvelle Presse méd., 
Dec., 1973, 2, 3089-3092. (Address: P? agr. 
Cl. Jacquillat, Hópital Saint-Louis, 2, place 
du Docteur-Fournier, F. 75475 Paris Cedex 
10, France.) 


The authors review the pertinent literature and 
note that the risk of developing cancer is 3 to 5 times 
greater among patients having Hodgkin's disease as 
compared to normals. This risk is 29 times greater 
for those who have been treated extensively with 
radiation and intensive chemotherapy. 

The authors' study of 18 patients treated exten- 
sively for Hodgkin's disease revealed development of 
Kaposi’s sarcoma in 2 cases, acute myeloblastic leu- 
kemia in 6 cases and visceral cancer of various origin 
in IO cases. 

No relationship could be noted between these can- 
cerous complications and the initial characteristics, 
or histology or stage of the disease. The authors, 
however, note the importance of prior repeated and 
extensive radiotherapy and intensive treatments 
with all the derivatives of nitrogen mustard. 

In spite of this augmented risk, thev conclude that 
such vigorous treatments are not contraindicated, 
for they constitute the best guarantee for the contro! 
of Hodgkin's disease.—Firair N. Sarian, M.D. 
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GREEN, Natuan, IBA, GERALD, and SHIREY, 
Jonn K. The clinical experience of patients 
with carcinoma of the lung and chronic pul- 
monary disease treated by radiotherapy. 
Radiology, April, 1974, 777, 189-192. (Ad- 
dress: Nathan Green, M.D., Division of 
Radiation Therapy, Hospital of the Good 
Samaritan, I212 Shatto Street, Los Angeles, 
Calif. 90017.) 


The indications for radiotherapy in the manage- 
ment of lung cancer patients, who also have a chronic 
pulmonary disease, have not been substantiated. 
Forty-one such patients received irradiation to their 
primary lung cancer. Thirty patients had tumor 
spread to the hilus and/or mediastinum, 9 had pe- 
ripheral tumors, and 2 had postoperative recurrence. 

Opposed treatment portals, varying in size from 
100 sq. cm. to 400 sq. cm., were used. Doses less than 
4,000 rads were employed in 10 patients, and 31 pa- 
tients received 4,000 rads or greater. 

Thirty-one patients had objective tumor regres- 
sion assessed by comparing roentgenograms. 

Twenty patients experienced subjective improve- 
ment of symptoms. Seven patients developed radia- 
tion pneumonitis, 1 developed tuberculosis, and an- 
other died near completion of treatment from 
cardiorespiratory shock. 

Neither field size nor severity of chronic pulmo- 
nary disease could be correlated with the incidence of 
radiation pneumonitis. 

Patients with lung cancer and chronic pulmonary 
disease had a shorter median survival than expected. 
Radiotherapy was of benefit in alleviating hemopty- 
sis, chest pain and superior vena caval syndrome. 
Peripheral cancers and asymptomatic individuals re- 
ceived little benefit from radiotherapy.—Odis D. 
Skinner, M.D. 





PAPILLON, JEAN. Endocavitary irradiation of 
early rectal cancers for cure: a series of 123 
cases. Proc. Roy. Soc. Med., Dec., 1973, 66, 
1179-1181. (From: Radiotherapy Depart- 
ment, Centre Leon-Berard, Lyons, France.) 


Endocavitary irradiation is an effective method of 
treatment of early, small rectal cancers in highly 
selective cases. There is no mortality and there are 
few complications. Seventy-two per cent of 123 cases 
treated are alive and well after more than 5 years. 
Eighteen patients died from rectal cancer (8 from 
metastasis, 9 from local-regional spread, and 1 post- 
operative death). 

Radiation therapy is given by contact x ray, and 
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supplemented by interstitial curie therapy to the 
residual sion or to the bed of the tumor. 

A Philips machine was used for contact therapy 
and had tae following characteristics: voltage sokv.; 
focal distance 4 cm.; output 1,500-2,000 r/min. in 
air; impc-tant absorption in the first 1 cm.; and a 
narrow light tube capable of introduction into a 
special rectoscope. The field of irradiation was cir- 
cular wit- a diameter of 3 cm. Two overlapping fields 
may be used. 

Three to 5 applications of 2-4 minutes each were 
made du-ng an over-all treatment time of 4-6 weeks. 
A dose of 2,500-4,000 r was given at each session in 
the outpatient department. The tumor was evaluated 
prior to zach treatment, and the technique was ad- 
justed according to the speed of shrinkage of the 
tumor. 

RadiuaA implantation was made in the knee-chest 
position without general anesthesia. Needles 4 cm. in 
length were kept in place against the rectal wall by 
a rubber drain which was pushed through the anus 
and fixec to the skin. A dose of 2,000-3,000 rads was 
deliverec in 2-3 days. 

There is usually a mild proctitis for 2-3 weeks. 
There are no significant subsequent rectal problems. 
Occasiorally, there is slight bleeding due to tel- 
angiectasas. 

Criter'a for patient selection are included in the 
article.—Pau/ M. Dassel, M.D. 


SERVER, G., RopnícvEz-BERMEJo, M., and 
Mow?onuirs, M. C. Carcinoma pleomorfico osi- 
ficant2 de la vejiga. (Pleomorphic carcinoma 
of tk» urinary bladder containing osteoid 
tissue.) Arch. españ. urol., Jan.-Feb., 1947, 
77, 85-92. (From: Residencia Sanitaria de la 
S. S. "Virgen de la Arrixaca," Servicios de 
Urologia y Anatomía Patológica, Murcia, 
Spair.) 

The a. thors report the second recorded case in the 
medical literature of an epithelial bladder tumor con- 
taining csteoid tissue, giving it a histologic appear- 
ance sim lar to that of a giant cell bone tumor. Most 
probabl- the presence of osteoid tissue is due to the 
fact tha- epithelial cells rich in alkaline phosphatase 
can diffc-entiate into osteoid-producing cells. 

The osteoid was not calcified; therefore the tumor 
was not detectable on the preliminary intravenous 
pyelogram. After the bladder was outlined with con- 
trast medium the tumor showed as a filling defect. 

The patient was a 74 year old male, who presented 


with recurrent gross hematuria.—u/ian B. Alvarez, 
M.D. 





PIP, an acronym for the Pake Improvement Program, 

js à zero defect program aimed al preventing any defective 
product or component from leaving Pako and getting into 
vonr hands. I is this kind of ‘quedite’ thinking that has 
made Pako ene of the world’s leading makers of 
processing equipment. 


Dependable, high quality filin processing is important in 
many industrial and professional fields: it is particularly 
so in medicine, where diasnesis, dreatinent and life-mahing 
decisions are offen. predicated on the results of x-ray 
findings. You and the radiolovin equipment von use are so 
exacting, should the unit processing the x-ray be any less? 


Fear over Oo vears Pabe has ben intensively tavedyed 
vith research. desig and produces of ihn processing 
equipment. The PAROROL'U LEL specifie for x-ray film 
processing. dis bul one of the cuiny cutstamding examples 


of Pako technol "rv, 


The PAKOROL"'" 14X provides von with rapid. high quality 
processing = dry-lo-edry in. Iwo miniies, low upkeep, 
easy maintenance, competitive pricing, and Pako service 
-- all make the PAKORGL^ LEX one pip of a buy. 
Contact the Pako distributer in your community, 

ar call Pako. 


X-RAY PRODUCTS 


Pako Corporation 
6300 Olson Memorial Hwy. 
Minneapolis, MN 55440 
(612) 540-6011 
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Who said 


three: 
a crow 


In reality, it's a healthy competition. A further choice. 

Let's face it, Eastman Kodak, Agfa-Gevaert and DuPont 
all manufacture the highest quality medical x- ray film available. 

And we all sell it in a variety of standard sizes and 
emulsions to meet your every diagnostic need. 

5o your choice of films must be based on another reason. 
| [t its innovation, Agfa-Gevaert is a leader in the 

industry with continuing research and development aimed at 

providinc products that keep pace with the rapidly changing 
demands of radiology. 

It it's service, we supply our accounts direct, through 
a network of distribution centers located throughout the country. 

It its price, we sell direct, and maybe, just maybe, you'll 
find Agfa-Gevaert film a little more economical. 

50 if you think three's a crowd, think again.. it's 
your choice. 

Agta-Gevaert..for a lot of reasons. 
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"400 Columbus Avenue, Valhalla, N.Y 105 O5 (O14) 769-5000 








Hysterosalpingogram with Salpix Contrast Medium. 24-hour postinjection x-ray Of same patient. 


now you see it now you dont 


With Salpix as your contrast medium, your gynecologic pa- 


tient needn't undergo the 24-hour postinjection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu 
ally no irritating radiopaque residue to produce foreign-body 
reactions, yet it provides the viscosity needed for adequate 
visualization. 

Contraindications: Contraindications to hysterosalpingography include the 
presence of severe vaginal or cervical infections, existing or recert pelvic 


infection, marked cervical erosion or endocervicitis, and pregnancy. Tne pro- 


cedure is contraindicated during the immediate pre- or post-menstrual phase. 
Sensitivity Test: If indicated in the patient's history, an intracutaneous skin test 
or sublingual absorption observation may be done with 0.1 cc Salpix. 

Warning: Not for intravenous use. © ORTHO PHARMACEUTICAL CORPORATION 19 





S i CONTRAST MEDIUM 


TRADEMARK 





NTAIN 


sodium acetrizoate 0.53 g and 
polyvinylpyrrolidone 0.23 g 





ORTHO PHARMACEUTICAL CORPORATION * RARITAN, NEW JERSEY 08869 


Heres a better way 
to look into a problem. 





Imagination has kept Searle 
Radiographics number one in gamma 
imaging, with developments such as 
Whole Body Scintiscan™. Scintiscan 
allows you to image the entire body for 
bone studies or single organ studies as 
you prefer. Number of scans required, 
termination point, and electronic 
aperture settings are all monitored 
electronically, insuring the uniformity of 
the complete scan. 


On a scanning table monitored to travel 
within +1% of the speed you select, 
the patient is only Ye” from the highly 
sensitive Pho/Gamma detector. The 
resultant images may be viewed on 
standard X-ray or Polaroid films making 
comparisons of bone surveys with 
roentgenographic studies easier to 
visualize. 


Operation of the Scintiscan system is 
easy also. If scan input does not agree 
with the patient positioning, a warning 
cystem relays the inconsistency to the 
technologist who may terminate the 
scan or reposition the patient. 

Rigid standards of excellence made us 
number one in gamma imaging. 
Imagination keeps us there. 


SEARLE 


Searle Radiographics Inc. 


Subsidiary of G. D. Searle & Co. 
2000 Nuclear Drive 
Des Plaines, Illinois 60018 
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No matter what your patient load, Picker has a system 
that will work as hard as you do. 

The Picker C-12 Cobalt Unit delivers short treatment 
time with maximum reliability in medical centers and 
hospitals where patient loads are heavy. 
The C-12 has 12,000 RHM source capac- 

4 ity, mctor driven motions and high-speed rs | 
approximate positioning to maximize — po 
treatment effectiveness while minimizing À 
patient throughput time. The C-12 triple- ~ 
safe shutter and precision collimator offer 
the ultimate in safety. 

For the lighter patient loads, where 
high throughput and rapid positioning are less of a factor, the C-9 Cobalt 
Therapy Unit is ideal. The C-9 is thorough and versatile. Programming of mul- 

tiple port and moving beam techniques is positive 

and easy. The C-arm can be remotely positioned 
and deviation of the central ray during rotation 
is minimal. 

















For therapy simulation prior to 
treatment with the Picker C-12, C-9 
or any other high-energy source, 

Pickers TherX® is invaluable. It reduces 
treatment planning time with increased 
accuracy and provides safe, precise 
therapy training for residents. 
TherX supplies 
remote digital readouts 
for five significant planning parameters, 
and its +] mm isocentric accuracy re- 
duces errors in positioning, localization 
and beam coverage. .) EE 
It all adds up to full-line capability with b DN By, 
pinpoint accuracy for radiation planning, NEZ 
treatment and training. Picker stan- 
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Aa 
needs of physicists, radiotherapists and — Ó 
patients no matter what your individual | 
situation demands. k 
For information on how Picker can " 
meet your radiation therapy needs, write ^ Photo above courtesy Baptist 
Picker Corporation, 595 Miner Road, Memorial Hospital, Jacksonville, 


Florida, G. Ray Ridings, MD, FACR, Director, 
Cleveland, OH 44143. Charles Judson Williams Cancer Treatment Center 


Another reason to buy from... PICKER 


Wanted! 


| , . 400,000, 
| A busy executives 
Fifth Fleischner Society Symposium who can: 


on Diseases of the Chest 


The Fleischner Society announces 
its Fifth Symposium on Diseases of 
The Chest to be held at the St. Francis 
Hotel, San Francisco, California, May 
28-31, 1975. The instructional format 
used in previous years will be changed 
for the 1975 course and will empha- 
size tutorial sessions and case presen- 
tations. The faculty will be drawn from 
membership of the Fleischner Society, 
a multidisciplinary international or- 
ganization of physicians interested in 
chest diseases. 








Registration fee—$200. A lower registration fee 
will be charged to residents and fellows. 


For further information write to: 


Norman Blank, M.D., Program Coordinator 
Department of Radiology 

Stanford University Medical Center 
Stanford, California—94305 





In reply to advertisers please mention 


that you saw their advertisement in 


THE AMERICAN JOURNAL OF 
ROENTGENOLOGY, 
RADIUM THERAPY 


AND NUCLEAR MEDICINE 





| If you can spend some time, 
CHARLES C THOMAS PUBLISHER | even a few hours, with someone 
who needs a hand, not a handout, 
NT = Mial call your local be Action 
pue aye | Center. Or write to “Volunteer, 


| Washington, D.C. 20013. 


We need you. 


The National Center for 
Voluntary Action. 
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V achlett System 70 
or longer tue life. 


A new heavy duty x-ray tube system that 


* keeps track of anode disc temperature at all times 
* force cools the tube housing 

* prevents heat storage overload 

* surpasses BRH standards for rayproofing 


The workload in a busy x-ray department can easily shorte 
the life of an x-ray tube unless you do something about the 
build-up of heat. Machlett makes it easy — with the new Sys- 
tem 70. It includes: 


A new Dynamax 70 housing with optical window through 
which an infrared sensor watches the anode temperature. 
A remote electronic indicator lets you know how hot it is- 
how much more work you can do. Also tells you when to 
stop. 

An external heat exchanger that air cools the oil which con- 
tinuously circulates through the tube housing. Will remove 
up to 96,000 heat units per minute. 


Even though you don't have a problem, you'll still want to 
know about the Dynamax 70 housing and its family of insert: 

. direct replacements for Dynamax 60 or equivalent tubes 
most equipment. 

Ask your x-ray dealer— or contact Machlett Laboratories, 
Inc., a subsidiary of Raytheon Company, 


1063 Hope Street, Stamford, CH LE 
Cannecticut 06007 Tel (902) 248.7511 MA Ir 
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When we looked for image qualit 





t took this curve to set us straight. 


he curve in the 
KODAK X-OMATIC Cassette 
rolls out air, provides 
intimate film-screen con- 
act for high image quality. 
onsistent image quality. X-OMATIC 


'assettes have a unique curved-panel 
lesign. As the cassette is closed, the 


anels roll together forcing out the * 


ür often trapped between film and 
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screens. This rolling action helps provide consistent 
1igh-quality images through intimate film-screen 


ontact. Even after dropping, the X-OMATIC Cas- 


sette’s durable construction protects and maintains 


*ood film-screen contact. 
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Ease of operation. Lightweight, 
single-latch design allows one-hand 
loading and unloading in the dark- 
room. Which, of course, helps elimi- 
nate considerable delay. In addition, 
all cassettes are color-coded for quick 
recognition and touch-coded for easy 
use by unsighted persons. 

Patient data can be printed on the 
radiograph in full room light at the 
time of exposure. Which helps to end 
darkroom fumbling and reduces 


chances of patient identification errors. 

If you'd like to know more about our curves, con- 
tact your Kodak Technical Sales Representative or 
your x-ray products dealer. 

He'll be glad to give you a demonstration. 


A commitment to quality. 
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CAT. No. 712 g 





14” x 56" VIEWING AREA, © NYLON FILM GUIDES 


READ 5- 11" x 14S 
è TILTING MOUNT 


FILM ON REELS ON MOBILE BASE 
THE FAST, EASY WAY AVAILABLE 


A new illuminator specially designed to read 14” wide 
films in long lengths from reels. Units feature fluorescent 
lighting with five 11 x 14” areas and individual control 
of light in each area. Film is pre-wound on a reel. 


The reel is inserted into the holder and the film threaded 
through nylon guides onto takeup reel. Turn the handle 
to move the film across the viewer from reel to reel. 


Illuminator can be wall mounted or ordered with its 
own mobile base. 


Cat. No. 711: Illuminator with (2) two reels 6634" W, 19" 
H 614" 


Cat. No. 712: Illuminator & mobile base, Base 36" H.. 20" 
D. (illustrated) 


Cat. No. 713: Extra reel. 


REQUEST COMPLETE CATALOG. 


S. & S. X-RAY PRODUCTS INC. 


The Complete Line of 
X-Ray Accessories 


87-93 JAY STREET 
BROOKLYN, N. Y. 11201 
Telephone: 212-852-6900 


ONE OF THE MANY S & S ACCESSORIES 
SOLD BY YOUR LOCAL X-RAY DEALER 
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Handbook for RADIOLOGIC TECHNOLOGISTS 
AND SPECIAL PROCEDURES NURSES IN 
RADIOLOGY by Nieta Whitman Powell, formerly 
at Okwahoma Univ., Oklahoma City. Foreword by 
Bob G. Eaton. This book is written for special pro- 
cedures nurses, technologists and physicians who 
are given the responsibility of establishing a special 
procedures laboratory. Covered are such areas as 
the team concept, adult and pediatric laboratories, 
procedural techniques, sterile techniques, surgical 
prep and draping areas, instrument preparation, 
cardiac catheterization, general radiographic pro- 
cedures, cardiopulmonary resuscitation and elec- 
trical safety. Many illustrations and drawings are 
included to increase the book’s communicative 
value. 74, 104 pp., 30 iL, $8.75 





INDICATIONS AND ALTERNATIVES IN X- 
RAY DIAGNOSIS: A Guide to the Effective Em- 
ployment of Roentgenologic Studies in the Solu- 
tion of Diagnostic Problems (2nd Ed.) by Melvyn 
H. Schrieber, Univ. of Texas, Galveston. Chapters 
are based upon organ systems illustrating common 
abnormalities. The reader is provided with a thor- 
ough background in the uses to which the ordinary 
and special x-ray studies may be put, emphasizing 
alternatives available when the indicated examina- 
tion cannot be performed or when more than one 
kind of examination is available. Indications and 
contrzindications are carefully defined. '74, 192 
pp., 98 il., $11.50, paper 


XERORADIOGRAPHY OF THE BREAST (2nd 
Ptg.) ^y John N. Wolfe, Hutzel Hospital, Detroit, 
Michigan. Foreword by Wendell G. Scott. Written 
primarily for radiologists but of interest to others 
working in the field of breast cancer, this text pre- 
sents a new and significant method for early detec- 
tion of breast cancer. The mechanics and prin- 
ciples involved in this procedure are clearly spelled 
out. Breast anatomy and normal breasts are discus- 
sed, providing a thorough understanding essential 
to achieving the proper technique and correct in- 
terpretation of the xeromammogram. The xero- 
radiographs included are accurately reproduced in 
their original blue color for consistency of detail. 
74, 194 pp. (8 1/2 x 11), 242 il. (92 in color), 


$23.50 
ecce Prepaid orders sent postpaid, on approval eeeee 


301-327 EAST LAWRENCE 





SPRINGFIELD - ILLINOIS -62717 


— 


In 1928,4Dennis 7 : | | 
Peterson put all his o TEXXUNE ULT Lekasicornered! 
assets in stock. Gi CES $3 9010 vacuum tubes. 
` a a 



































In just a little while, the 
Xonics Electron Radiography 
System will make today seem 
leng ago. 

Suddenly, with a lower x-ray 
dosage, you'll get a sharper, 
wicer range of information. 
And you won't need to modify 
your basic x-ray equipment to 
get it. 


Each finished sheet will come 
to you in 60 seconds. Right out 
of tae unit. Giving you not 
only speed, but revolutionary 
corvenience. And each 
exposure will cost less per 
sheet than silver halide film. 


The Xonics ERG System. Just 
alirtle while longer. 


XONICS, INC. 

20&0 Stonington Ave. 
Hofman Estates, IL 60172 
Telephone 312 884-9300 


Cardiovascular Rotated 90° and Translated Rotated 
Configuration With Pad for ““Gapless” Lateral Image Counterclockwise 90° 
and Restraint Straps Intensifier or Changer Studies to Full Oblique Position 


























Elevating Base 


Cardiovascular” Y 
Configuration — . 


...like Memco's 
Master Cardio-Cradle Top 


"To make the best possible equipment in- 
corporating the most sophisticated techno- y 
logical advancements.” That's the prime 
objective of the Memco/ Xonics alliance. 


The Cardio-Cradle, usable with most table 
tops and bases, is such an achievement. A 
product of unyielding devotion to quality. It 
costs more than average because it does 
more than average. 


Exclusive features are standard. Things like 
120^ clockwise rotation, 90^ counterclock- 
wise. Like a digital read-out for accurate 
petient positioning. A fail-safe emergency 
over-ride that returns the cradle basket to 
neutral in the event of cardiac arrest. 
The Memco Master Cardio-Cradle Top. Total 
capability for total versatility. 
Available through the dealer of your choice, 
MEMCO, INC. 
Subsidiary of Xonics, Inc. 
2080 Stonington Avenue 
Hoffman Estates, IL 60172 
Telephone: 312/884-9300 





MPURTANT! 


OBTAIN MAXIMUM 
MARKET PRICES... 
from the nation’s 
largest buyer of 
used x-ray film... 


36 years of integrity 


we purchase all brand and sizes of used x-ray 
film from anywhere in the United States... and 
we pay the freight cost. 

we pay in advance if requested. or immediately 
upon the receipt and weight evaluation of your 
shipment. 

our maximum market prices are gauged by the 


metals market and are adjusted continuously to 


reflect full value. 


we offer 12-month, cumulative Incentive Pay 
ment Bonuses for consistent shipments of used 
x-ray film. You reduce storage problems, earn 
highest weight increment prices. 


De write for—your Computerized, up- 


to-the-hour Quotation for Purchase 

Plan that assures you of our 
pledge to give .. . Maximum 
Market Prices. 


DONALD McELROY, INC. 
2730 commonwealth ave. 
north chicago, illinois 60064 


Please send me COMPLAN TODAY. 


ADORESS 





Preliminary Announcement 


The Twenty-seventh Annual Los An- 
geles Midwinter Radiological Confer- 
ence for 1975 will again be held at 
the Century Plaza Hotel, Los Angeles, 
California 90067 on January 31st, 
February lst and 2nd of 1975. Out- 
Standing speakers will again be fea- 
tured in Diagnostic and Therapeutic 
Radiology, as well as Nuclear Medi- 
cine and Ultrasound. The small work- 
shops which were very popular will be 
expanded for the coming meeting. The 
country's second largest Radiologic 
technical exhibit will be open for view- 
ing on all three days. 





An added feature this coming year will 
be a post-conference trip to Hawaii 
that will feature outstanding speakers 
as well as ample time for relaxation. 
Please mark your calendar now and 
plan to attend. 








Bind Your 
Journal Issues 
Into Valuable 
Vigilant Volumes 





Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
| instantly at your service. We call them "'Vigilant Volumes"; they 

so carefully store and provide on instant notice so much knowl- 
edge of timely value. 





The cost per ‘Vigilant Volume," by official commission from the 
journal pubiishers is but $5.95 per volume, permanently hard bound 
in washable buckram, gold embossed with period dates, journal 
name and special insignia—plus your name stamped in gold leaf. 
“Vigilant Volumes’ are handsome library additions too, real con- 
versation pieces. These volumes are bound in the authorized colors. 


HOW TO ORDER 
Simply ship your journal issues to us via parcel post, together with 
your name, address, AND REMITTANCE, at $5.95 per volume. Within 
45 days after receipt, bound volumes will be shipped to you. Price 
| subject to change without notice. Please remit 50e per volume for 
| return transportation and handling. 


PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Authorized Binders of All Journals) 
4446 W. Roosevelt Rd. 
Chicago, li!inois 60624 








SIEMENS 


Exploramat 25 Spotfilm Device 
A full day's X-rays 
in one film-supply magazine. 


Exploramat 25*, a new spotfilm device with a 912" x 91/2" 
cutfilm magazine, was developed especially for use on 
Sireskop 3°, Siemens radiographic/fluoroscopic table. 
Exploramat 25 eliminates the need for constant film changes, 
speeds examination time, and frees the radiologist for greater 
procedural control. 


A 60-film-supply magazine guarantees an examination 
procedure without interruptions. You no longer have to 
change cassettes after every exposure. Patient and hospital 
information, even billing data, can be automatically 
transferred from an I.B.M. card to the film. A caution light 
automatically indicates when only ten films are left in 

the magazine. 


Exposed films are automatically removed from the take-up 
magazine and fed into the processor. The Siemens film feeder 
insures that films are developed in the exact order in which 
each radiograph was taken. All this can be done in daylight, 
without harming the film. Siemens film feeder fits any 
standard film processor. 
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Controls for Exploramat 25 are the same as for 
Siemens conventional spotfilm devices, for ease of 
operation. For simplification of procedures, a 
rotary switch on the control arm gives you seven 
organ-related settings when used in conjunction 
with the Optimatic” generator system. 


Find out more about Siemens Exploramat 25. The 
spotfilm device that takes a full day's worth of 
X-rays on one film magazine. Call or write your 
local Siemens specialist or Siemens Corporation, 
Medical Systems Division. 


Siemens Corporation 


Medical Systems Division 
186 Wood Avenue South, Iselin, N.J. 08830 (201) 494-1000 


® Siemens registered trademark 













The symbol you see in 
the center of this page is the 
new mark of The Advertising 
Council. 

It was made to identify the 
"p public 
service ad- 
vertising 


execute these campaigns. 
Television/radio j Diagramofa 
networks and local | —S™ganuser 
Stations, news- E 
papers, business 
publications, 
consumer maga- 
zines, outdoor and 
campaigns transit media make their 
provided to mark. By donating the space it takes to run them 
scores of worthwhile or- | — on the air and in 
ganizations. AMIND print. 

Through these Ad- IS ATERRIBLE THING TO WASTE. 
nee vertisingCoun (3C oe ! 
cil campaigns, the men and women ofthe 
American businessand communications E 
| community fe 

are working f 
to make their E 
mark ong 















Concerned 
| corporations make 

their mark. By do- 
nating the cash con- 
tributions it takes 


these resources and focus them where they are 
most urgently needed. 
America's Inshort, every time The Advertising Council 
future. # stamps its new mark on public service advertising, 
Creative and marketing experts at adver- a lot of people make their mark. 
tising agencies make their And that mark counts 9" 
mark. By donating the serv- for a lot. 
ices it takes to plan and 





A Public Service of 
This Magazne& M A 
The Advertising Council 
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lo Know The Dose 
Control The Effect 


Maintain The Standard... 
THE RANDO PHANTOM 


For treatment planning and for comparison 
of various treatment techniques or modalities 
(e.g., moving field vs. fixed field, cobalt-60 
gamma rays vs. 4MeV X-rays, various wedge 
configurations, etc.) in the radiotherapy of a 
given type tumor, accurate measurements can 
be made with the RANDO Phantom. 


Higher accuracy and precision of the radia- 
tion dose to patients should result if phantom 
studies are used for radiotherapy. Reduced ra- 
diation doses to both patient and physician can 
be achieved in diagnostic radiology if the phan- 
tom is employed for checking procedures. 


In recent years, mounting evidence has shown 
that successful radiotherapy is dependent on 
the accuracy and precision with which the ra- 
diation is delivered to the patient. If unusual 
or difficult treatments are undertaken, add- 
itional dosimetric studies should be carried out, 
some of which are best done with a RANDO 
Phantom. 


FOR COMPLETE INFORMATION AND A NEW 
HANDBOOK, "THE RANDO PHANTOM AND ITS 
MEDICAL APPLICATIONS," WRITE TO: 





ALDERSON RESEARCH LABORATORIES, INC. 
390 Ludlow Street P.O; Box 1271 
Stamford, Connecticut 06904 
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combine forces and work 
together. 








So you win. 


You win the benefits of the most 
thoroughgoing video tape training 
system in the x-ray equipment 
industry. A system which directly links 
CGR headquarters with mini-theaters 
in all of our 35 district offices. With tapes 
designed to train — and keep on 
training — our 280 servicemen. And 
educate our 120 sales specialists. 

Our winning combination doesn't 
stop there. 

It starts there. Because at CGR, 
sales and service work together for our 

customers from first to last: from 

initiating an order plan to installing our 
equipment to meeting — with 
expertise and without delay — our 
warrantied service obligations. 

At CGR, sales and service forces 
work together. To realize our full 
potential. And yours. 


Our system 
includes you. 


A. Che 


CGR Medical Corporation 
2519 Wilkens Avenue 
Baltimore, Maryland 21203 
(301) 233-2300 

500 Boulevard de | Aeroparc 


Lachute, Quebec, Canada 






CHARLES C THOMAS : PUBLISHER 


THE FUNDAMENTALS OF RADIOLOGICAL SCIENCE by John Hale, Hospital of the Univ. of 
Pennsylvania, Philadelphia. The four basic fields of applied radiological science are radiotherapy, clin- 
ical nuclear medicine, diagnostic radielogy and radiation safety physics. It is the aim of this textbook 
to present the basic body of scientific knowledge which is common to the specialty fields of applied 
radiological science. A student needs exposure to two different texts—one dealing with basic radio- 
logical physics and another more advanced book dealing with one of the four specialized areas. He 
must have this basic understanding of fundamental principles in order to continue to learn to assimi- 
late new ideas and methods throughout his professional life. Directed toward first-year residents in 
radiology, this book will also be useful as a beginning text for physicists and engineers who are inter- 
ested in radiological or health physics. After a review of the basic mathematics and physics essential in 
the study of radiological sciences has been presented a careful study is made of atomic and nuclear 
physics, the radiation field and the interaction of radiation with matter. Finally, the fundamentals of 
dosimetry are discussed. '74, 356 pp., 172 il., 3 tables, $14 75 


THE BIOLOGICAL AND CLINICAL BASIS OF RADIOSENSITIVITY. Fdited by Milton 
Friedman, /nstituto Regina Elena, Rome, Italy. (35 Con:ributors) Radiosensitivity, a factor which 
must be considered in the treatment of every tumor :nd in most radiobiological experiments, 
encompasses disruptive changes that occur at many levels. The wide variety of factors under study 
has resulted in a communication gap between the laboratory and clinical researchers. In order to 
reduce this gap expert investigators in different fields were asked to adapt their observations to the 
concepts of radiosensitivity and chemosensitivity. Ques:ions considered are: At which biological 
level do major effects occur? Which are the most important factors influencing radiosensitivity? 
What are the differences between radiosensitivity anc chemosensitivity? What clinically useful 
information can be derived from cell survival curves? Can the variation in sensitivity during each 
phase of the cell cycle be used to improve the ultimate radiation effect? Should its possible 
usefulness be explored further, or should it be abandoned? At the preclinical level, the lethal dose 
for each tumor is depicted from several viewpoints. Combined radiation and chemotherapy is 
evaluated not only for potential benefits, but also for cossible disruption of efficient irradiation. 
The neglected field of dynamic radiation pathology. studied by examination with light and 
electron microscopy, of serial biopsy specimens is surveyed. Finally, a detailed investigation is 
described, wherein the validity of a number of radic biological laws are analyzed during the 
treatment of squamous cell carcinoma. A comprehensive and detailed index renders a vast amount 
of available information. '74, about 589 pp. (7 x 10), 373 iL, 67 tables 


RADIONUCLIDE SCANNING IN CYANOTIC HEART DISEASE by Gary F. Gates, Memorial Hos- 
pital Medical Center and Earl and Loraine Miller Children's Hospital of Long Beach, California. Dur- 
ing past years nuclear medicine has undergone tremendc is growth due to advances in radiopharma- 
ceuticals and instrumentation. Use of short-lived radio sotopes such as technetium- 99m and the 
scintillation camera allow for rapid performance of exar inations with extremely low radiation dose 
to the patient. This monograph describes a new, unique a^plication of nuclear medicine in the clinical 
management of children with cyanotic congenital heart disease. The procedure is fully described, the 
steps used in performing the examination outlined anc possible pitfalls and sources of error pre- 
sented. The calculation of results does not require sophsticated mathematics nor complicated com- 
puter analysis. Accuracy is assured by correlation with surgery or cardiac catheterization. Although 
this procedure has usefulness in many pediatric cardioculmonary disorders, its application to the 
surgical patient is unique. Physiologic data, previously obtainable only by cardiac catheterization, can 
now be produced serially by an outpatient examination. This helps to fill the gap between chest radi- 
ography and cardiac catheterization and aids in the successful management of patients with cyanotic 
congenital heart disease. 74, about 114 pp., 88 il., 5 tables 


Orders with remittance sent, or approval, postpaid 


301-327 East Lawrence Avenue e Springfield e Illinois e 62717 











In One Minute a Load-A-Mat 
unloads and reloads this many cassettes... 





while delivering four radiographs 
to the processor. 


In 15 seeonds, the RADX Load-A-Mat can unload and comes out of the processor. You're no longer troubled 
reload an X-rav cassette automatically, And in broad with artifacts, fogging, static or double e xposures. No 
daylight! It attaches directly to your film processor, ruined screens either, And the Load-A-Mat lets your 
so that radiographs are ready for viewing in only two processor operate steadily for hours at full capacity. 
minutes. Think what this means... . no darkroom tie Two Load-A-Mat models handle four sizes of either 
ups. No passboxes. Greater efficiency. Fewer errors. KODAK X-OMATIC Cassettes or the new LOAD-A- 
More patient processing. MATIC Cassettes available with your choice of medium, 
The remarkable Load-A-Mat accepts four sizes of fresh high speed or super high speed screens. Realize the 

\ film im separate light-tight portable magazines. Each kind of sav ings in time and money a Load-A-Mat can 
stores 200 sheets of standard film furnished by the bring to vour radiology ope: rations. 
manu/acturer of your choice. Once bulk-loaded into Callor wr ite RADX, P.O. Box 19164, Houston, Texas 
the magazines, the film remains untouched until it 7/024, 713/468-9628. 
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What Philips Modular Generators 
can do for you is your choice. 


The pr nciple is Modularity. With it, Philips offers eco- 
nomic and professional possibilities never before 
availakle in one family of X-ray generators. 


® Modularity. With it, you have choices: » 
The Choice of Which: Philips' full line of modular | 
generators ranges in power output from 50kw/125kV/ 


sd Pond cod 10ms ^> 150kw/150kV/1ms. Within that range is a 
generetorto meet your needs now and years from now. 





The Choice of What: Each control-panel module 
performs specific functions. You select the capabil- 
ities (the modules) and virtually customize your gen- 
erator. With module additions or substitutions, the sys- 
tem can be adapted or extended to meet future needs. 
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The Chaice of How: Modularity means flexibility. 
Maximum aptions. So how you use a Philips modular 
generato: is up to you. In radiography, choose from 
four different operating modes. Or from up to 40 pre- 
set exposures for Anatomically Programmed Racioc- 
raphy (Philips APR). In fluoroscopy, all options lead 
to the quality imaging you expect from Philips. 


ES a CUNN 


The Choice of How Many: One Philips modular gen- 
erator becomes a full time-sharing program whenever 
you're ready. Simply add Philips Duplex and/or 
Philips APR control panels to the base generator. The 
combination will operate up to six different auxiliaries. 


The Sensible Choice: Add the unprecedented econ- 
omy of plug-in installation and rapid service, and 
Philips modular generators become the sensible 
choica. The only choice. For optimum economy and 
efficiency. For maximum space utilization. For vastly 
improved patient handling. 


Philips modular generators. The choices grow on you. 


Write for additional information. 


PHILIPS MEDICAL SYSTEMS, INC. 


A NORTH AMERICAN PHILIPS COMPANY 


710 Bridgeport Avenue, Shelton, Conn. 06484 
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Looking for an investment with growth possibilities ? 


When you invest with us, your money doesn't lis idle. 


We're the United Way, supporting thousands of community agencies aimed 


at helping people. And we're into a lot of things with great long-term 
futures. 


Such as helping kids to grow up straight. Making it possible 
for the helpless to help themselves. 


If you like the sound of the dividends, come on in. There's still plenty 
of room on the ground floor. Give the United Way. 
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Searle puts it all together...with the new 
Micro ə Dot Imager. 


A new Multi Imager that produces up 
to 80 images on a single film. 


It's taken us some time but at last we 


can offer Pho/Gamma users a display 


system that puts it all together. Gone 
is the expensive and tediously 
inaccurate pulling of Polaroids. Gone 
is the unreliable and complicated 

35 or 70 mm mechanical transport 
system. 


The new Micro Dot Imager 
electronically minifies and 
manipulates the images across the 
CRT screen and displays them on a 
choice of three different 
conventionally sized X-ray films... 
handled and processed with 
conventional techniques. 


In addition the new Micro Dot Imager 
provides the following exclusive 
benefits. 


Clinically Oriented 


e Choice of either 5 x 7 or8 x 10 
X-ray film sizes as well as the 
competitively available 11 x 14 
film size. 

e Built in whole body imaging with 
choice of each view presented in 
dual intensity on the film to 
facilitate diagnosis or the more 
economical two views with single 
intensity. 

e Highest cine sequential time per 
frame resolution of up to 80 
frames/study. 


e Organ-specific push buttons 
automate, standardize and speed 
the prc per exposure settings for 
routinely performed studies. 

Simplified Operation 

e Light emitting diode (LED) display 
indicates system status and 
exposures available fcr format 
selected as well as exposures 
remair ing on the individual film. 


e Absolute exposure control insures 
consistent day to day and week to 
week exposure levels on a separate 
but bu It in high resolution, high 
uniformity CRT. 

Economical Operation 

e A variety of film sizes guarantees 
the lowest operational cost of any 
image: offered. 

e System designed lightweight, low 
cost cassettes with future daylight 
unloading capability. 





e Built in view-box saves space as 
well as steps. 


And what's more, the Micro Dot 
Imager's inherent reliability is backed 
by a team of factory trained service 
engineers that perform on-site 
service for your total camera system. 
There is no longer any need to be 
concerned about system service 
responsibility, or here today, gone 
tomorrow...'"pack it in the box and 
we'll service it at our factory" 
suppliers. 


SEARLE 


Searle Radiographics Inc. 
Subsidiary of G. D. Searle & Co. 
2000 Nuclear Drive 

Des Plaines, Illinos 60018 
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Wait reducing program 
. for radiographic reports. 


From days. From hours. To seconds. The 
Raport™ radiographic report system ends 
your wait problems. 


Comprehensive typed radiographic reports 
can be ready for signature and submission 
to referring physicians in less time then you 


can read these words. Any diagnostic report. 


From routine to the most complex. Raport 
system's flexibility embraces them all. 


For 80 to 85 percent of the department's 
examinations, a series of marks on 
eppropriate mark-sense forms provides 
ell the diagnostic information needed. 


The system converts these marks into 
fully-structured sentences that incorporate 
patient and physician information, the 
report in text and a summary impression. 


For all other reports, the system provides 
tne comprehensiveness needed by 
combining mark-sense data and dictated 
eddenda, automatically placed in logical 
sequence in the text; and by permitting the 
use of dictated text only, for those 
infrequent examinations involving 

complex diagnoses. 








As a result, the Raport system allows 
increased work loads to be absorbed without 
increasing clerical personnel. The system's 
shorter turnaround time per report helps 
reduce patient load problems while it 
speeds vitally needed diagnostic 

information to the referring physician. 


And, for most departments, the cost per 
report is significantly lower than that of 
dictation-only methods. 


Your GE representative can help you 
match the Raport system to your reporting 
needs. Ask him. It'll do wonders for your wait. 


General Electric Medical Systems, 
Milwaukee, Toronto, Liege, Madrid 


Raport system 
trims turnaround 
time to seconds. 


GENERAL @@ ELECTRIC 


T 


uu e S IESS 
ENSE mr 
r3. Ü A 

D D 


7 Mes. 
- nde Gr 5 RR 

EU ru 
plo. 


INDEX TO ADVERTISERS 


Alderson Research Laboratories ................ I ee eee eS oye i 
Apolved Radiation Corporation: reks cao un or Rx P ER RRE ax Yduex Eta xs va EM, ID 


CGR Medical Corporation ..... , . XXXV, XXxvli 


(Ge esc em Tool ERANT N ETE EE EEES EE EEN E ESE I NEN xxvi, xxvil 
Elema-Schonamdef ....25.. ooo ebay ora i NTC bet ee de oe EN 


PCTS E CUES. Lau nib Naas, eh RR ows CAS REM Rr AC DB ane KERHD meee Da edi dins XXIV 


General Electric Medical Systems Division ... caua SERI, AED 


Philip A. Hunt Chemical Corporatio cic. cc hace cook YO hcm E eo a re S RERO omi Re 


LT 


» 


Low Xo BW < 6bs6ac xi dian pees n a apos aw Aeg apa Ron aaa aa aaa RS wie 
Machit LaDOPRBIOCIBR «oos a teda r E hed o xd Pace a aE Rd aa a US XXV 
Donssd MEBIVON oi xo essere quake ERU EX aa v vu Roo o a dC 1 xxxi 
TI Ro OM RELICTUM XXX 
Midwinter Radiological Conference: ....... kes cca oe am ean aang pede cannes xao ro XXXI 
Ortho Pharmaceuticals XX 
PSEO CEA. 95.55.55 es ce EM RANA PEE od Pe howe a kee Rede ab rA dud nsde Sone 
Pips: Medical Systéme aicise Heo ehSe beweee Pie EAR Eo ARE au Ra dans VER, ELI 


Picker Corporation . 
Purdue-Frederick ............... sn ess 


Radx Corporation 


Searle RadioPfapluéB 2.cioeresdo UE EF vanes 


Siemens Corporation ................. 


ER. Sowibe & Sons: DiGi. uasest es piste 


Thomas, Charles C, Publisher . 


LIN POON. cove cad d ced nae ds dee dae ewes 


Gg D TI. 0 Sob tne cn bard aa menen teen eames 


2222 XXI, XXIN 
V 


[alils RERIS 


d xcd aao owas aded tala Son en 1, XXi, xlii 


. . XXXIII, xxxiii 


ORT SE E, viii, ix, x 


amann e aE aa aa a a s a a O 


.XXxviil, xxxviii 


— ————'ÉWnneEr TOS XIV 


aenn Ne tester da a T dain are coon XXIX 


We try to present an accurate index. Occasionally this may not 


be possible because of a last-minute change or an omission. 


mo i Sis 


FOUNDED IN 1906 AS THE AMERICAN QUARTERLY OF ROENTGENOLOGY 
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ease, retroperitoneal hemorrhage from trans- 
lumbar approach, spinal cord injury and 
pathology associated with syndrome of trans- 
verse myelitis, generalized petechiae, and 
death following hypotension, arrhythmia, and 
anaphylactoid reactions. In pediatric angio- 
cardiography, arrhythmia and death have oc- 
curred. During peripheral arteriography, hemor- 
rhage from puncture site, thrombosis of the 
vessel, and brachial plexus palsy (following 
axillary artery injection) have occurred. During 
selective coronary arteriography and selective 
coronary arteriography with left ventriculoa- 
raphy, transient ECG changes (most patients 
transient arrhythmias (infrequent); ventricul 
fibrillation (from manipulation of catheter or 
administration of medium); hypotension; chest 
pain; myocardial infarction; transient elevation 
of creatinine phosphokinase (occurred in about 
3096 of patients tested); fatalities have been 
reported; hemorrhage, thrombosis, pseudo- 
aneurysms at puncture site, dislodgment of 
arteriosclerotic plaques, dissection of coronary 
vessels, and transient sinus arrest have oc- 
curred due to the procedure. 

For full prescribing information, consult 
package insert. 
How Supplied: Available in 20 cc. and 50 cc. 
single-dose vials and in 200 cc. single-dose 
bottles. 
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A continuing series of 
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RAREX B mid speed screen (blue film). Competitive Par speed screen (blue film). 


Recent field evaluations have confirmed Radelin rare =arth screens offer outstanding performance in a variety of applications. 


= Reduce motion unsharpness. Faster ex»osure X in current and/or time produce less heat within 
times minimize loss in resolution due to rxotion. the X-ray tube. Tube replacement and inconveni- 
ence would 5e cut in half. 


= Rapid film changers. Operate longer and faster 
with your present equipment by using substanti- 
ally lower power levels. Major manufacturers of 
a Prolonged X-ray tube life. Significant reductions film changers now recognize RAREX. 


a Lower patient radiation exposure. Inc eased 
screen speeds permit development of radio- 
graph with substantial reduction in radie-ion. 


Printed phctos tell only half the story... 
schedule a demonstration c*'RAREX screens in your department. Write: 


... productthat work together for you. 


p ————————————— 





§ Medical Products Division i 

1 UNITED STATES RADIUM CORPORATION \ 

Halsey/Radelin § 1425 37th Street * Brooklyn, N.Y. 11218 [| 

i L| 

, 4 O Yes, please phone me at once to schedule i 

Your prime source for x-ray accessories p ademonstration of RAREX screens. " 

| TH" 1 

These radiographs will be demonstrated at th= į My application involves t 

RSNA exhibit booth Nos. 120 and 121. É diss Title ] 

I B 

I Affiliation — t€ — Gnd iine A 

*"RAREX Rare earth intensifying screens utilize rare earth phosp ors as the Address Phone 
oor. or "host" constituent. Trace elements of rare earths, such = =uropium 

re used as activators in conventional intensifying screens. These activators ! Ci Zi I 

co not provide the increased absorption efficiency and relate crease in | ity State — Ip T 

J 


speed characteristics of rare earth intensifying screens. i a— a de» = = = ow am Ga» SED GER GER um UR (UD ee GA XA uA ee Gus UA Cu ee ee ee ee — A 


The Philips Integrated 
Therapy Programme. Everything the 
modern clinic could ask for. 


The Philips Integrated Therapy Prog 
ensures increasec d efficiency i om d 
radiotherapy dep: artment by having a commor 
design philosophy, similarity of operational 
procec ha res, an iet aaao sen ice. 
The programme embo 
eliability and p sdiient eu i EI 
term plan providing the clinic sac 
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ssential equipment for today and the future 
The SL75 Linear Accelerator. 
The SL/75/10MeV Linean Acceleratc 
the result of continuous development and cli 


experience over r many years. I | 
i leadership world-v vide for re 
simplicity 
Further develo 
experience have n 10" 
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Sta dar lS of engine ecd and [ en safetv 

The — 60 unit. 

Many radiotherapy departments rely alt 
entirely on the C ybalt 60 unit. where it is used t 


Its TI llest Capacity. 

The Phili 
versions Is the optin 
therapy at she capital cost and with the minimu! 
of maintenanc 
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The Treatment Planning System. 
Although computer-aided treatment 


planning IS now = universally adopted by t! 

radiother apy clinic, there is still an urgent need foi 
a rapid, dedica ted and interactive s 
the therapist to compile and mo odiiy plans rapidly 
and accurately. Such a system | 
conventional and familiar met he i requiring no 
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Ortho-Voltage Radiotherapy Equipment. 
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make Special Procedures routine procedures 
SCHONANDER et 4 


CUTFILM CHANGERS 


BASIC FEATURES: 


3 exposures per second 
Biplane—simultaneous or 
alternate exposures $ MODELS: | 
U-35 film size 14" x 14" for ab- 


20 films capacity dominal, peripheral, thoracic 
and cerebral angiography, incl. 


Punch card control magnification technique. 
Stands for various applications L-35 film size 14" x 14” has 


“see-through” capability for ex- 
posure monitoring on TV. 


U-24 film size 24 x 30 cm (abt. 
912" x 1134") fine detail, film- 
saving changer, especially 
For further information, suited for cerebral angiography. 
contact your local 
supplier or write: 


elema-schonander, INC. 699 LIVELY BOULEVARD - EL GROVE VILLAGE, ILLINOIS 60007- PHONE: (312) 593-67 








E + ‘Cer ebral | 
** “Angiography 


Physical Basis and Clinical Results 
By 
S. Wende, E. Zieler, and N. Nakayama 


With the collaboration of K. Schindler 


Cerebral magnification angiography—a tech- 
nique enabling radiographs to be taken of 
vessels on y 80-100 um in diameter—has re- 
ceived a great deal of attention in recent 
years. The advantages of this technique are 
readily apparent in X-rays of normal vessels, 
but are eve^ more obvious when brain tumors 
or intracranial lesions occur. Cerebral mag- 
nification angiography thus represents a sig- 
nificant advance in diagnostic technique. 
This book, written to demonstrate the enor- 
mous value of this simple method of exami- 
nation, deals not only with clinical applica- 
tions, but also with the physical aspects of 
magnification angiography. The text is exten- 
sively illustrated with excellently reproduced 
radiographs. 


1974. viii, 150p. 141 illus. cloth/$60.70 
ISBN 0-387-06651-9 
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TEN VERS 
SPRIKGERNERING 
NEWYORK 


Order your copy today! 
Springer-Werlag New York Inc. 


175 Fifth Avenue 
New York, NY 10010 
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MIDWINTER RADIOLOGICAL CONFERENCE OF THE 
LOS ANGELES RADIOLOGICAL SOCIETY 


The Los Angeles Radiological Society is pleased to announce its Twenty-seventh Annual 
Midwinter Radiological Conference for 1975. This year will again see outstanding 
speakers, presenting a variety of topics in Diagnostic and Therapeutic Radiology, as 
well as Nuclear Medicine and Ultrasound. 


Small workshops in the various sub-specialties of Radiology will be offered on the first 
day. During the following two dcys, lectures, luncheons, round-table discussions with the 
faculty, and a Saturday evening dinner dance are scheduled. The country's second 
largest Radiologic technical exhibit will be open for viewing on all three days. 


This year, for the first time, far those interested, a post convention seminar in the 
Hawaiian Islands has been organized. Excellent speakers in Diagnostic and Therapeutic 
Radiology and in Ultrasound wiil accompany the group to the Islands. Three days are 
planned in Maui, and three days are planned in Kona. 


THE TWENTY-SEVENTH ANNUAL MIDWINTER RALIOLOGICAL CONFERENCE 
SPONSOR: TheLos Angeles Radiological Society. 


DATE: January 31, February 1, and February 2, 1975. 
LOCATION: Century Plaza Hotel, Los Angeles, California 90067. 


SPEAKERS: 
DIAGNOSTIC RADIOLOGY: 
Walter E. Berdon, MD. . . . . . . . . . . . . . . ^. Columbia University 
David O. Davis, MD. . . . . . . . . . . ^. . George Washington University 
Jack Edeiken, MD. . . . . . . . . . . . . . . Thomas Jefferson University 
Robert Heitzman, Jr., M.D. . Ce ww o X» o* x.» CR e o  Golumbu University 
Guy D. Potter, MD. . . . . . . . . . . . . . a a = Columbia University 
Frank Zboralske, MD. . . . . . . . . . . . . «. «. . ^. Stanford University 


RADIATION THERAPY: 


William L. Caldwell, M.D. . 

Alfred S. Ketcham, M.D. . 

Howard B. Latourette, M.D. . 

Robert George Parker, M.D. . 
NUCLEAR MEDICINE: 

E. James Potchen, M.D. . 
ULTRASOUND: 

Fred Winsberg, M.D. . 


University of Wisconsin 
National Cancer Institute 
" University of lowa 
University of Washington 


Johns Hopkins University 


McGill University, Montreal 


REGISTRATION: Fee $75.00 (includes two luncheons). $40.00 for Residents (if a supporting letter from their 
staff is included). Worksaops: $25.00 each. 

ADVANCE REGISTRATION: Edward A. Behnke, M.D. 
13303 East Hadley, Whittier, California 20601 

HOTEL ACCOMMODATIONS: Convention Manager, Century Plaza Hotel 
Los Angeles, California 90067 

MESSAGE CENTER: Furnished by Pacific Telephone Co. Out-of-town calls will be received at 
213-277-1890 frc m 9 A.M. to 5 P.M. 

FIRST POST CONVENTION SEMINAR: February 2 through February 10, 1975. 

$499.00 per person, including round trip air fare from Los Angeles with all inter-island 


transportation and seven nights of luxurious accommodatiors. All scientific sessions plus 
Luau and final cocktail reception. 


FACULTY: 
DIAGNOSTIC RADIOLOGY: 
Harvey Meyers, MD. . a . e e è © © © © e € University of Southern California 
Elias P. Theros, M.D.. . . . . . . . . . . Armed Forces Institute of Pathology 
Gabriel H. Wilson, MD. . . . . . . . . . . University of California, Los Angeles 
RADIATION THERAPY: 
Howard B. Latourette, M.D.. © . . . . . . . «© «. « « « . University of lowa 
William L. Caldwell, M.D. . . . . . . . . . . . . . . University of Wisconsin 
ULTRASOUND: 
George Leopold, MD. . . . . . . . . . . . University of California, San Diego 


LARRY KUSSIN, M.D. 
Publicity Chairman 






We'realwayscoming up 
like Rapid R 


Rapid R Type S, our new medium-speed film for 90-second proc- 
essing, gives you something new . . . unique density characteristics that 
improve image detail. In simpler terms, our new film gives you radiographs 
that aren t too contrasty, aren t too flat, but are just right. In the same 
exposure and processing time you're already used to, Rapid R Type S gives 
you low-grain, crisp-looking films with a wide range of detail. 

Rapid R ‘Type S is just one of many new products we're working on 
because new products are a key part of our major expansion program. 

A program prompted by the fact that Ilford products are showing the 
greatest growth in the industry. 












with new ideas for you 
YypeS. 


And before we're through, we plan to have all the capacity, inventory 
people and new products to not only get well ahead of demand but to 
convince you too that Ilford should be your first choice for X-ray products. 

Alre ady, our new manufacturing plant m Brentwood is in operation. 
We've tripled our warehouse facilities in California. And we're doubling 
and fully automating our central warehouse. In addition, all warehouse [ icil- 
ities are being computer-linked te give us full flexibility to get mater lal 
where it’s needed before it’s needed. 

And in terms of people, we re expanding too. More people in 
manufacturing, more people in R&D, more people in customer service, and 
most important to you, we re adding more techn cally skilled Ilford men 

> and women all around the country to help you get the most from your 
equipment and our materials. 

If you don’t use Ilford yet, keep an eye on us. On our full line of films 
for general radiography. On our new family of cine films. On our intensifying 
screens and chemicals. On our quality control monitor system. And most 
importantly, on the thing that puts them all together for you— The Ilford 
Man, an X-ray pr Giasstonal who knows your depar tment's needs inside out. 

Keep an eye on us because one day soon The Ilford Man will come 
calling. And when he does, he'll have a lot of new and exciting things to 
show you. He always does. Which explains why Ilford products are howi Ing 
the greatest grow th in the industr y. 

ilford. Inc., a CIBA-GEIGY Company, West 70 Century Road, 


Paramus, New Jersey 07652. 


.. The?*Ilford Manisonthe move. 
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Clinical Comparison of Drip-intused and Injected 


mesi Meglumine (Meglumine lodipamide Injection U.S.P.) 
in a total of 198 Patients ' 


e Lower incidence of adverse reactions with drip infusion 
Drip infusion — 7.4% (10 of 135 patients) had reactions 
Injection — 19% (12 of 63 patients) had reactions 
See brief summery on next page for reactions which can occur. 


e Good visualizat on vvith both techniques 
Drip infusion — € 4.426 were of excellent to fair quality 
Injection — 75.4% were of excellent to fair quality 


e Methods of administration 
Drip infusion — 100 ml. of 10.3% meglumine iodipamide 
infused over a 3O-minute period 
Injection — 20 mi. of 52% meglumine iodipamide injected 
over a 10-minute period 


CHOLOGRAFIN MEGLUMINE 
FOR INFUSION 


(Meglumine lodipamide Injection U.S.P.) 


in 100 ml. single-dose bottles 
ready-to-use for drip infusion cholangiography and cholecystography 


SQUIBB HOSPITAL owsion 





*Information on “ile at Squibb Institute for Medical Research. 
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for patients undergoing 
cholangiography and 
cholecystography 


CHOLOGRAFIN 
MEGLUMINE 
FÜR INFUSION 


(Meglumine lodipamide 


Injection U.S.P.) 


CHOLOGRAFIN 
MEGLUMINE 


(Meglumine lodipamide 


Injection U.S.P.) 


Cholografin Meglumine for Infu- 
sion (Meglumine lodipamide Injec- 
tion U.S.P) is a sterile aqueous 
solution providing 10.3% meglu- 
mine iodipamide with 0.32% 
sodium citrate as a buffer and 
0.04% disodium edetate as a se- 
questering agent. The bound 
iodine content is about 5.195 (5.1 
g./100 ml). The solution con- 
tains approximately 0.91 mg. 
(0.039 mEq.) sodium per ml. (91 
mg./100 ml.) 

Cholografin Meglumine (Meglu- 
mine lodipamide Injection U.S.P) is 
a sterile aqueous solution provid- 
ing 52% meglumine iodipamide 
with 0.32% sodium citrate as a 
buffer and 0.04% disodium ede- 
tate as a sequestering agent. The 
bound iodine content is about 26% 
(5.2 g./20 ml). The solution con- 
tains approximately 0.91 mg. 
(0.039 mEq.) sodium per ml. (18.2 
mg./20 ml.) 
CONTRAINDICATIONS: Con- 
traindicated in patients hypersen- 
Sitive to salts of iodipamide; in 
patients exhibiting sensitivity 
reactions to the test dose; in the 
presence of concomitant severe 
renal and liver function impair- 
ment. 

WARNINGS: Intravenous or intra- 
arterial injections of contrast 
media have been shown to pro- 
mote the phenomenon of sickling 
in persons homozygous for sickle 
cell disease. Perform thyroid func- 
tion tests, if indicated, before ad- 
ministration of meglumine iodipa- 
mide since iodine-containing con- 
trast media may alter results of 
Such tests. A history of sensitivity 


to iodine per seortoother contrast 
agents is not an absolute con- 
traindication to the use o; meglu- 
mine iodipamide but calls for ex- 
treme caution in administ-ation. 

Usage in Pregnancy: The 
safety of meglumine iodipamide 
for use during pregnancy has not 
been established; therefore, it 
should be used in pregrant pa- 
tients only when, in the judgment 
of the physician, its use is deemed 
essential to the welfare of the 
patient. 


PRECAUTIONS: Diagnostic pro- 
cedures involving use of zontrast 
agents should be performed under 
the direction of personnel with 
prerequisite training and a 
thorough knowledge of th» partic- 
ular procedure. Appropriate 
facilities should be available for 
coping with situations wrich may 
arise as a result of the procedure 
and for emergency treatment of 
severe reactions to the sontrast 
agent itself; competent personnel 
and emergency facilities should 
be available for at least 30 to 60 
minutes after I.V. administration 
since severe delayed reactions 
have been known to occ. r. These 
severe life-threatening reactions 
suggest hypersensitivity to the 
contrast agent. A personal or 
family history of asthma cr allergy 
or a history of a previous reaction 
to a contrast agent warrants 
special attention and mav predict 
more accurately than pretesting 
the likelihood of a reaction 
althougn not the type nor severity 
of the reaction in the individual. 
The value of any pretest is ques- 
tionable. The pretest most per- 
formed is the slow I.V. injection of 
0.5 to 1.0 ml. of the preparation 
prior to injection of the full dose; 
however,the absence of areaction 
to the test dose does not preclude 
the possibility of reaction to the 
full diagnostic dose. Should the 
test dose produce an untoward 
response, the necessity for con- 
tinuing the examination saould be 
re-evaluated. If deemed essential, 
examination should proceed with 
all possible caution. In rare in- 
stances, reaction to the t2st dose 
may be extremely severe: 
therefore, close observa-ion and 
facilities for emergency treatment 
are indicated. The admixture of 
Benadryl (Diphenhycramine 
Hydrochloride) with these meglu- 
mine iodipamide preparat ons may 
Cause a precipitate which may 
form in the syringe or tubing; if an- 
tihistamines are admiaistered 
concomitantly, they should not be 
mixed with the contrast agent but 
administered at another site. 
When the 52% meglumine iodipa- 


mide preparation is used, some 
clinicians feel it may be advisable 
to have a continuous I.V. infusion 
running prior to administration of 
the drug. 
ADVERSE REACTIONS: Local 
reactions at the site of infusion or 
injection are not observed unless 
excessive amounts are extrava- 
sated during the infusion or injec- 
tion. Aftertoorapid administration 
mild transient symptoms such a 
restlessness, sensations of 
warmth, sneezing, perspiration, 
Salivation, flushing, pressure in 
the upper abdomen, dizziness, 
nausea, vomiting, chills, fever, 
headache, pallor and tremors may 
occur. These symptoms disappear 
when the infusion or injection has 
been completed. Rarely, swollen 
eyelids, laryngospasm, respiratory 
difficulties, hypotension, cardiac 
reactions and cyanosis have been 
reported. Hypersensitivity reac- 
tions may occur. In rare instances, 
despite the most careful sen- 
Sitivity testing, M Es 
reactions may occur. Renal func* 
tion tests may be altered and renal 
failure may occur. 

For full information, consult 
package inserts. 
HOW SUPPLIED: Cholografin 
Meglumine for Infusion (Meglu- 
mine lodipamide Injection U.S.P) — 
10.37» —is available in single-dose 
bottles of 100 ml. Cholografin 
Meglumine (Meglumine lodipa- 
mide Injection U.S.P)—52%— 
is available in single-dose vials 
of 20 ml. 
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Give Your. l 
Diagnostic Equipment 


a Better Image 
with Machlett Cesium Iodide Systems 


A Machlett Dynaview or Dynavision image intensification 
system with cesium iodide imaging tubes can easily integrate with 
and improve your conventional fluoroscopic equipment. Here’s 
hew: Machlett imaging systems with advanced cesium iodide tubes 
develop higher image contrast, a flatter image field, greater image 
brightness, and much higher image resolution. The result is maxi- 
mam image capability with a choice of imaging systems for general 
and urological fluorescopy: 6" or 9" viewing tubes . . . single or 
dual fields. 

Dynaview with mirror optics . .. Dynavision for television 
viewing. Both are compatible with existing x-ray equipment and in 
most cases, cost less than competitive units. Two more reasons to 
ilways specify Machlett. 

For complete data, contact your x-ray dealer or Machlett 
Laboratories, Inc., a subsidiary of Raytheon Company, 1063 Hope 
Street, Stamford, Connecticut 06907. Tel. (203) 348-7511. 


PIP-PIP 


PIP, an acronym for the Pako Improvement Program, 

is a zero defect program aimed at preventing any defective 
product or component from leaving Peko and getting into 
your hands. It is this kind of ‘quality’ thinking that has 
made Pako one of the world’s leadirg makers of 
processing equipment. 


Dependable, high quality film processing is important in 
many industrial and professional fields; it is particularly 
so in medicine, where diagnosis, treatment and life-making 
decisions are often predicated on the results of x-ray 
findings. You and the radiologic equipment you use are so 
exacting, should the unit processing the x-ray be any less? 


For over 60 years Pako has been intensively involved 
with research, design and production of film processing 
equipment. The PAKOROL® 14X, specific for x-ray film 
processing, is but one of the many cutstanding examples 
of Pako technology. 


The PAKOROL® 14X provides you with rapid, high quality 
processing — dry-to-dry in two minutes, low upkeep, 
easy maintenance, competitive pricing, and Pako service 
— all make the PAKOROL® 14X one pip of a buy. 
Contact the Pako distributor in your community, 

or call Pako. 


be 
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X-RAY PRODUCTS 


Pako Corporation 
6300 Olson Memorial Hwy. 
Minneapolis, MN 55440 
(612) 540-6011 
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INTRODUCTION TO THE CALDWELL LECTURE 
By C. ALLEN GOOD M.D. 


This lecture to honor Eugene W. Caldwell was first given in 1920, two years after his death. 
As we continue this tradition, we honor not only Eugene Caldwell, who helped develop the 
foundations of Radiology, but all physicians and scientists who, at the turn of the century, 
ripened the science and art of our specialty. 

While radiologists predominate among the 53 former Lecturers, there have been more than 
20 who brought to the American Roentgen Ray Society information from related branches of 
science and medicine. Thus, we find among them physicists, anatomists, physiologists, pa- 
thologists, clinicians, surgeons and the developer of the hot cathode, high vacuum tube, Dr. W. D. 
Coolidge. 

We are fortunate today to have as the 54th Caldwell Lecturer a man with close ties to Radiol- 
ogy, but who, as a neurosurgeon, can vtew our specialty from a somewhat different vantage 
point. 

Collin S. MacCarty was born in Rochester, Minnesota on September 20, 1915. He was 
educated in the local public schools, Dartmouth College, Dartmouth Medical School and 
Johns Hopkins Medical School. He received the A.B. degree from Dartmouth in 1937 and the 
M.D. degree from Johns Hopkins in r920. After a year as surgical intern at Johns Hopkins 
Hospital, he entered a residency in neurosurgery at Mayo Graduate School of Medicine and 
was awarded the degree of Master of Science in Neurosurgery by the University of Minnesota 
in 1944. 

Upon completion of his residency, he joined the U. S. Naval Reserve, serving as a neuro- 
surgeon and spending most of his time at the U. S. Naval Hospital in Bethesda, Maryland. 
During the last six months of this assignment, he was Chief of the Neurosurgical 5 ervice. 

When his military duties were over, he joined the Neurosurgical Staff of Mayo Clinic in 
October 1946 and became Chairman of that department in October 1963, a position he still 
holds. He is also Professor of Neurosurgery at Mayo Medical School. 

As would be expected of a dedicated surgeon and scientist who has found the time to practice 
his specialty, help educate his residents, administer a large department and publish, as 
author or co-author, two books and more than 130 articles, he has received many honors. Some 
of the more important are the presidency of the Neurosurgical Society of America, the presi- 
dency of the American Association of Neurological Surgeons (formerly the Harvey Cushing 
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Society) and the presidency of the Medical Staff of Meyo Clinic. He is currently serving on 
the Board of Overseers of Dartmouth Medical School aad on the American Board of Neuro- 
logical Surgery. 

Early in my own residency at Mayo, I had the privilege of spending three months in Sur- 
gical Pathology under Dr. William Carpenter MacCarzy, our speaker’s father. It was a most 
rewarding expertence, and my introduction to the MacCarty family. Later I was to enjoy 
working with our speaker's elder brother, William C. MacCarty, Fr., who is a radiologist at 
Mary Hitchcock Hospital in Hanover, New Hampshire and associated with Dartmouth Med. 
ical School. Finally, I have had the opportunity to take some small part in the radiologic edu- 
cation of our speaker's second son, Robert, who has recently become a member of the Depart- 
ment of Diagnostic Roentgenology of Mayo Clinic. Thus I have known Collin MacCarty 
and his family for almost 40 years. This should give me license to tell you something he may 
not know. When I was studying Surgical Pathology, his father confided that he had been ex- 
perimenting with a Crookes’ tube at the University of Kentucky at the time of the announce- 
ment of Roentgen's discovery. He said to me, “If that old boy had been a little slower in his 
work, tt might have been called the MacCarty Ray, not tŁe Roentgen Ray!’ 

It is now my privilege and honor to present to you Dr. Collin S. MacCarty, who has chosen 
as the title of his Caldwell Lecture, “A Significant Syméiotic Relationship.” 
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A SIGNIFICANT SYMBIOTIC RELATIONSHIP* 
CALDWELL LECTURE, 1974 
By COLLIN S. MacCARTY, M.D. 


ROCHESTER, MINNESOTA 


RESTON HICKEY"! delivered the 
1928 Caldwell Lecture. In his intreduc- 
tion he stated, “In recalling the names of 
those notables who have given the pre- 
ceding lectures, I felt some timidity in ac- 
cepting the invitation, but when I recol- 
lected that probably those who would be 
m the audience this evening might m their 
friendship not indulge in too critical com- 
parisons, I felt emboldened to accept." 
Since then 45 men have appeared before 
the Annual Meeting of the American 
Roentgen Ray Society to deliver this Lec- 
ture, named in honor of one of the distin- 
cuished pioneers in American roentgenol- 
ogy. I accepted this honor with humility 
and apprehension. It was a revelation to 
review the names of my predecessors. Some 
were former friends and colleagues: Walter 
Alvarez with his distinguished family lived 
in the block next to us. His son, Luis, re- 
cently was awarded the Nobel Prize in 
physics. The Kirklins, father and son; 
Allen Good; Jay Bargen, people whom I 
have known for many years, were others. 
At the outset, I should like to indulge in 
some personal comments to express my par- 
ticular interest in, and admiration for, your 
discipline. In 1938 my father (Fig. 1), a 
surgical pathologist, was made an honorary 
member of the Radiological Society of 
North America. My brother is a radiolo- 
gist, and my son has just been appointed a 
member of the Department of Radiology at 
our institution, and he presented his first 
formal paper before you in Montreal last 
year. Finally, my colleague, one of my most 
cherished friends, is your President. 
Neurologic surgery has a similar lecture- 
ship named for Harvey Cushing (Fig. 2), 
whom many consider to be the father of 


American neurosurgery as well as a distin- 
guished physician, scientist and author. He 
was awarded a Pulitzer Prize for his biogra- 
phy of Sir William Osler. Cushing's interest 
in roentgenography began in 1896.” Walter 
Tames Dodd, the assistant pharmacist at 
the Massachusetts General Hospital, made 
a tube for the hand-driven static machine 
which that hospital had purchased after 
Roentgen's discovery was announced in 
Germany in 1895. Dr. Cushing wished to 
use the tube in the outpatient department 
of that hospital, but he was denied that 
opportunity. He, therefore, bought one of 
his own and brought it to Baltimore in 
September 1896. There he made the first 
roentgenogram ever seen at Hopkins; it 
disclosed and localized a bullet lodged in 
the spinal column of a woman. Until 1897 
Cushing did all the x-ray work at Johns 
Hopkins. And here, incidentally, we have a 
neat if not unique parallel: only one neuro- 
surgeon has delivered the Cushing Oration: 
Dr. Wilder Penfield (Fig. 3), and only one 
neurosurgeon has delivered the Caldwell 
Lecture: Dr. Wilder Penfield. To have been 
asked to join such company was as much 
recognition as any man could expect in his 
lifetime. 

After reviewing Hickey's lecture,” I per- 
ceived that Eugene W. Caldwell was indeed 
one of the most illustrious of the early 
workers in the first two decades of Ameri- 
can roentgenology. He was born in Savan- 
nah, Missouri, in 1870. (Parenthetically, it 
is of more than passing interest that Dr. 
Walter Dandy, the superb Hopkins neuro- 
surgeon, was also a Missourian, having 
been born in Sedalia in 1886.) Caldwell was 
graduated from the University of Kansas 
in electrical engineering. He worked for the 
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New York Telephone Company and during 
that time he became interested in roentgen 
rays, which led him to establish the first 
x-ray office in New York in 1897. He then 
became aware of the necessity to study 
medicine, which he did, and he received his 
medical degree from the Bellevue Medical 
School and Hospital. Caldwell’s interests 
covered the entire field of radiology, from 
therapeutic to diagnostic. In 1902 he pub- 
lished an article in the New York Medical 
Journal entitled “A New Apparatus for the 
Therapeutic Application of the X-Ray to 
the Larynx, Tongue, Rectum, Prostate, 
Cervix of the Uterus, Vagina, etc."? In- 
deed, he was a man of many interests! In 
1904 he developed a portable x-ray ma- 
chine. The same year he wrote: “There is a 
tendency among medical men either to 
under estimate the value of the x-ray as an 
aid to diagnosis or to fail to appreciate its 


limitat ons." Caldwell may, in fact, have 
pioneered neuroradiology, for in 1906, be- 
fore this society, he described the value of 
the roentgen rays in the study of the anat- 
omy of the nasal accessory sinuses. In 1910 
he and Long concluded that there was no 
relationship between the degree of carpal 
development and the quality of the mind. 
Clark and Caldwell reached no decisive 
conclusion in a paper entitled “The Sella 
Turcica in Epilepsy."?? These at least are 
contributions to a field if by no other cri- 
terion zhan exclusion. 

I liked his obvious sense of humor and 
insight as displayed in such remarks as 
"Ihe AP projection required a long ex- 
posure and is the one in which the operator 
is most likely to ruin his best tube and to 
lose that cheerful but dignified composure 
that should always characterize the medi- 
cal man." 
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In 1917 he "emphasized the difficulty of 
ebtaining reliable statistics of cases exam- 
med from a large number of physicians and 
surgeons owing to their incomplete rec- 
erds," and remarked on looking over the 
replies to his questionnaire, that the an- 
swers to these questions were purely sug- 
gestive and seemed to depend somewhat 
upon the weather or the state of digestion 
of the person answering." ? In discussing 
the roentgen diagnosis of gallstones he 
again pointed out "that this difference in 
statistics is due to the temperament of the 
diagnostician as well as his skilled Judge- 
ment" and in speaking of the right upper 
quadrant he remarked, “It is in this danger 
zone that the number of killed and wouaded 
resulting from faulty interpretation 1s 
greatest." 

Caldwell was a fine teacher of the art. He 


Fic. 3. Dr. Wilder Penfield delivered the Annual Cushing Oration in 1971 
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Fic. 2. Dr. Harvey Cushing, pioneer neurosurgeon, 
who made the first roentgenograms at Johns 
Hopkins Hospital. (From MacCarty, C. S. Past 
personalities and present problems. [The 1971 
AANS presidential address.] 7. Neurosurg., 1971, 
35, 633-645. By permission of American Associa- 
tion of Neurological Surgeons.) 





and the Caldwell Lecture in 1951. 
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Fic. 4. Dr. W. M. Craig and Dr. Walter Dandy 
during World War II. Dr. Dandy introduced ven- 
triculography in 1918 and pneumography in 1919. 
(From MacCarty, C. S. Past personalities and 


present problems. [The 1971 AANS presidential 
address.] J. Neurosurg., 1971, 35, 633-645. By per- 
mission of American Association of Neurological 
Surgeons.) 


emphasized “the first principle of roentgen 
diagnosis, namely that the roentgenogram 
is not a picture but a special kind of projec- 
tion and must be interpreted by one com- 
petent to so do." Of the roentgenologist he 
said: “His opinion should be valued rather 
than his so called x-ray pictures." Finally 
not long before his premature demise on 
June 23, 1918, Caldwell’s “stereoscopic 
fluoroscope was rapidly approaching a suc- 
cessful termination.” ! 


NEURORADIOLOGY 


One gorgeous Saturday in September 
1940, in Baltimore, Dr. Dandy (Fig. 4) in- 
vited his “brain team” to the baseball 
game.” I remember how it seemed incon- 
ceivable that we could finish the “list”? by 
game time, nor could we imagime who 
would “cover” the patients when the whole 
"outfit" was to be at the Orioles' ball park. 
But there was no real concern because 
Dandy was one of the most skilled surgeons 
who operated with incredible speed, and 
his senior and assistant residents were ap- 
proaching his ability. I was the intern. 
Those were the days of the “Halsted train- 
Ing progt am,” which meant that all resi- 
` dents in surgery spent 2 years with Dandy. 
This was the basis on w hich Dandy ordered 
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Ken Pickrell, who was 1 year beyond his 
neurosurgical experience, to cover all our 
duties. Dandy was a physician and sur- 
geon of “the old school," believing in the 
hierarciic order of medical teaching and 
authority. As a consequence, when we 
reachec the ball park, each resident re- 
ceived two hot dogs and “the boy"— the 
intern—received only one. 

Neuroradiology probably dates from the 
time wien Dandy described ventriculogra- 
nye According to Campbell,” “On 
January 3, 1917, a patient of Dr. Dandy’s 
‘whose abdomen he was about to explore 
for intestinal perforation chanced to have a 
chest x-ray taken on the way to the operat- 
ing room. Air was clearly visible under the 
diaphragm.’ ... this was the very roent- 
genogram that originally suggested to 
Dandy the use of air to outline the cerebral 
ventricles.” The following year (1918) his 
classic paper appeared in the Annals of 
Surger?, and in 191972—+27 he described 
the injection of air into the lumbar sub- 
arachnoid space to visualize the intra- 
cranial structures as well as the upper cer- 
vical part of the spinal canal. He suggested 
in that paper the injection of air into the 
subarachnoid space as an adjunct to the 
diagnosis of tumors of the spinal cord, in 
additicn to its use in studying the intra- 
cranial spaces. 

I am clearly suggesting to you that a 
neurosargeon initiated a subspecialty of 
diagnostic roentgenology, and you have 
been unable to rid yourselves of us through 
these many years. Recent developments 
may, however, alter our relationship and, 
let us hope, in continued harmony. 

Although Dandy did describe visualiza- 
tion of the spinal subarachnoid space with 
the aid of air, he was aware of its limita- 
tions in respect to the accuracy of out- 
lining spinal cord tumors. 

Radiopaque materials were sought to de- 
fine the spinal canal visually, but none of 
those proposed were safe and practical 
until Lipiodol was introduced by Sicard 
and Forestier’ in 1921. Initially, this me- 
dium was used to outline the epidural 
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space, but when the substance was inad- 
vertently introduced into the subarachnoid 
space by these men it was seen at once that 
new vistas in the diagnosis of disease of the 
spinal cord were at hand. They presented 
these initial experiences with subarachnoid 
myelography in 1922.8 Sicard, basically a 
neurologist, was born in 1872, and he died 
m Paris on January 28, 1929. His student, 
Jacques Forestier, was born in 1890 and 
following their collaborative work with 
Lipiodol myelography, he transferred his 
interests to rheumatology. In 1929 he in- 
troduced the use of gold salts in the treat- 
ment of rheumatoid arthritis. Both men 
have been properly recognized by your pro- 
fession. Forestier was made an honorary 
fellow of the American College of Radi- 
ology. 

Dr. W. Jason Mixter, a neurosurgeon 
at the Massachusetts General Hospital, 
through his friendship with Sicard, received 
some Lipiodol before the days of mechani- 
cal tables, and he administered it v4 the 
cisterna magna.* Dr. John D. Camp's de- 
sign of the tilting table further facilitated 
the technique of myelography.? The irri- 
tating effects of Lipiodol were recognized 
by the early investigators. Removal of the 
oil by the lumbar route was adopted fol- 
lowing the suggestion of Kubik and Hamp- 
ton? in 1941, although this possibility. ini- 
tially had been suggested by Sicard and 
Forestier, long previously! In 1944 ethyl 
iodophenylundecylate (Pantopaque) came 
into general clinical use, supplanting Lipio- 
do! as a contrast medium for study of the 
spinal subarachnoid space and, in recent 
years, the posterior fossa. 

Egas Moniz (Fig. 5) is a name familiar to 
most physicians. He was born Antonio 
Caetano deAbreu Freire, in Avanca, a 
small village in northern Portugal, in 1874. 
He adopted the pen name of Egas Meniz, 
a hero of the Portuguese resistance against 
the Moors in the Middle Ages, durmz his 
student davs at Coimbra, where he wrote 
political pamphlets. Moniz studied under 
Babinski, Pierre Marie and Dejerine. He 
became professor of neurology in Igi: at 
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Fic. 5. Dr. Egas Moniz, neurologist and diplomat, 
developed cerebral angiography in 1927. 


the University of Lisbon when that school 
was reorganized. In addition to his medical 
work, he continued his interest 1n politics, 
becoming minister of foreign aftairs and 
ambassador to Spain. After World War I 
he led the Portuguese delegation to the 
Versailles peace conference.*® 

Moniz’ epic paper, "Arterial Encephalog- 
raphy: Importance in the Localization of 
Cerebral Tumors,” was published in July 
1927.° It is of considerable interest that in 
his initial attempts at cerebral angiography 
he used the percutaneous route and a 70 
per cent solution of strontium bromide. Be- 
cause he was not successful in direct punc- 
ture of the carotid arteries, Moniz called on 
his surgical colleagues to expose the vessels 
in the cervical area. One of these men, Pro- 
fessor Almeida Lima (Fig. 6), continued to 
collaborate with Moniz during Moniz’ life- 
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Fic. 6. Dr. Almeida Lima, Dr. Moniz’ 


surgical colleague. 


time until his death in 1955. Lima partici- 
pated in the development of prefrontal lo- 
botomy for which Moniz was awarded the 
Nobel Prize in Physiology and Medicine in 
1949.” I attended the goth anniversary cele- 
bration of the development of cerebral an- 
giography at the Egas Moniz Institute of 
the University of Lisbon, and | recall 
vividly an exhibit of important contribu- 
tions to the technique of angiography from 
its Inception in 1927. Permit me to em- 
barrass your President by mentioning that 
one milestone depicted was the electronic 
subtraction technique developed by Colin 
Holman. 

Dandy, Sicard, Forestier, Mixter, Moniz, 
Lima and others from nonradiologic spe- 
cialties have cooperated with radiologists 
with the result that an exciting and impor- 
tant new specialty has developed, with 
horizons which would seem almost limit- 
less. 
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I should like briefly to review the current 
state of the art as observed from the van- 
tage point of this neurologic surgeon. 

Ventriculography is rarely a primary 
diagnostic radiographic procedure. Usually 
it is preceded by radioisotope scanning, the 
new computerized axial tomography and 
arteriography. If these procedures do not 
disclose what is suspected, but do reveal 
evidence of obstructive hydrocephalus or 
marked increased intracranial pressure, the 
use of ventriculography is indicated to es- 
tablish or rule out the presence of a surgical 
lesion. In the newborn, anterior fontanelle 
ventricilography and ventricular estima- 
tion remain useful tools in the diagnosis of 
communicating or obstructive hydrocepha- 
lus and in identifying subdural hematomas. 

Pneumoencephalography likewise is rarely 
a primary test, but it 1s frequently pre- 
ceded by radioisotope scanning, subarach- 
noid radioiodinated serum albumen studies, 
angiography and computerized axial to- 
mography. Pneumography should not be 
performed in the presence of obviously in- 
creased intracranial pressure. 


ANGIOGRAPHY 


Since World War II angiography has be- 
come a most valuable adjunct to discover- 
ing the causes of subarachnoid hemorrhage, 
localizi ag brain tumors, and identifying the 
nature of brain tumors and the causes of 
cerebral arterial and venous diseases. With 
the advent of magnification and subtrac- 
tion techniques, it may be that angiography 
has approached the epitome of its capabili- 
ties. Taese refinements have allowed the 
experts to identifv colloid cvsts of the third 
ventride (Fig. 7), heretofore recogniza- 
ble! only by ventriculography or pneu- 
mography, and then at some increased risk. 
Possibly even more dramatic is the ability 
of the angiographer to identify micro- 
adenomas!’ of the adenohypophysis (Fig. 8) 
smaller than 10 mm. in diameter. As a con- 
sequence, the diagnosis of functioning ade- 
nomas can be made at an early stage, the 
lesions can be approached by the trans- 
sphenoidal route and removed, the defect 
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is thus corrected and normal pituitary func- 
tion can be preserved on many occasions. 
Angiography of the spinal arteries and 
veins, developed by neuroradiologists par- 
ticularly in France? and in a few centers 
elsewhere,!^!! is in its infancy. The study 
of vascular malformations of the spinal 
cord has encouraged neurosurgeons to oper- 
ate on these challenging lesions with better 
results (Fig. 9). Identification of tumors of 
the spinal cord by this technique in our in- 
stitution has not vet attained the accuracy 
obtained for cerebral angiography. 


MYELOGRAPHY AND RHOMBEN- 
CEPHALOGRAPHY 


'The usefulness of instilling positive con- 
trast material into the spinal subarachnoid 
space, the posterior fossa??" and its cavi- 
ties is acknowledged. One must not, how- 
ever, perform such tests unless facilities are 
at hand for the immediate performance of 
surgical treatment. We still need to be re- 
minded of this periodically, for in recent 
vears we have had a patient become para- 
paretic in the postanesthesia room awaiting 
operation only a short time after myelogra- 
phy revealed a high degree of obstruction in 
the cervicothoracic area from an intra- 
medullary cyst. 

Tumors of the cerebellopontine angle can 
be accurately identified and operated upon 
before they have enlarged®.”® to produce the 
classic syndrome, meaning that the surgeon 
is enabled to remove the tumors with less 
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Fic. 7. The venous phase of the angiogram reveals 
elevation of the origin of the internal cerebral vein, 
the deformity being caused by a colloid cyst of the 
third ventricle. 


consequent morbidity, particularly with 
respect to the facial nerve. More and more 
often, tumors of the foramen magnum are 
being distinguished from diseases such as 
multiple sclerosis, particularly those tu- 
mors lving posteriorly, by the simple ex- 
pedient of performance of the test with the 
patient lying on his back. 

In the experience of some, direct punc- 
ture of cystic lesions of the spinal cord and 
instillation of contrast medium have been 
informative. | am not enthusiastic about 
the value of this technique. Cysts of the 
spinal cord constitute a topic provocative 
of extended discussion, so much so that it 
would require more time than this entire 
lecture 1s allotted. 





Fic. 8. Microadenoma of the pituitary visualized by angiography. 
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Fic. 9. The angiogram displays an arteriovenous 
malformation fed by the artery of Adamkiewicz. 


COMPUTERIZED AXIAL TOMOGRAPHY 


Had the ingenious Caldwell been of our 
generation, he might well have developed 
computerized axial tomography, because of 
his background in both engineering and 
radiology. Hounsfield, an engineer with 
E.M.I., Ltd., described the machine in the 
New Scientist in 1972. He collaborated with 
Ambrose, from the Radiology Department 
of Atkinson Morley’s Hospital, Wimble- 
don, London, in the preparation of a paper 
on use of the apparatus in the study of in- 
tracerebral diseases which was presented in 
1972 before the November meeting of the 
Radiologic Society of North America. 
Their initial publication appeared in 1973.2 
The second machine was installed by the 
Mayo Clinic and was in operation on June 
20, 1973, in the radiology section of St. 
Marys Hospital. It has been enthusiasti- 
cally endorsed by members of the Depart- 
ment of Neurologic Surgery during the 
first year of its operation. A second has been 
installed. I find myself in no position to talk 
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to you z bout the physics and computer cal- 
culatiors of this magnificent device. I will 
say simply that I am astounded when I con- 
sider that two detector crystals, each moni- 
toring half of an x-ray beam and remain- 
ing in alignment with the x-ray source 
taking -60 readings of photon transmission 
throug! the head with each traverse, and 
180 such traverses made varying 1° with 
each scan, will result in 28,800 readings’® 
having been taken by each detector on the 
completion of a test. The computer then 
processes these readings. It calculates 6,400 
absorption values within each two adjacent 
slices of cranial tissue 1.3 cm. in thickness. 
The results are displayed as a digital print- 
out and as a cathode-ray tube picture. The 
brighte- the area of print-out (being pro- 
portional to its absorption coefficient), the 
more dense is the tissue. Bone is most dense 
and gray matter 1s next most dense; white 
matter and the fluid in the ventricles and 
subarachnoid spaces are the least dense 
compor.ents in the normal cranial compart- 
ment. Interpretation of the results of such 
study is dependent on analvsis of the 
cathode-ray display as well as on the digital 
print-out of the density and atomic num- 
bers of the tissue in question. 

Baker and associates? reviewed our ex- 
perienc? in such studies with our first soo 
patients. We examine 15 to 16 patients 
daily. By orienting the plane of the slices 
20 to 25? toward the feet in relation to the 
orbitomeatal line, we have been able to in- 
clude 8§ to 90 per cent of the intracranial 
neural structures in the study, including 
particularly the contents of the posterior 
fossa. 1f lesions of the base or vertex are 
suspected, additional alterations can be 
made. The initial experience of Baker and 
his colleagues? with this new method pro- 
duced 1 percentage of error of 3.6, which 
made the procedure second only to pneu- 
mography in accuracy of diagnosis, and 
"the error rate was slightly more than one- 
half of that observed in cerebral angio- 
graphic diagnosis." The percentage of error 
inherert in isotope brain-scanning in our 
institution 1s not comparable to that of 
other methods. 
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Baker and his colleagues found that a 
high diagnostic correlation was obtained in 
the presence of many clinically suspected 
conditions, such as hydrocephalus (92 per 
cent), metastasis (69 per cent), dementia 
er degenerative states (67 per cent), sus- 
pected mass lesions (62 per cent) and in- 
farctions (48 per cent)." They also pointed 
eut that the “more striking indication of 
the value of C.A.T., however, was evident 
in those instances when an unanticipated 
condition was revealed. A tumor or paren- 
chymatous lesion was discovered in 25 
per cent of patients suspected of having 
multiple sclerosis, 21 per cent of those 
thought to have infarcts, 20 per cent of 
those with seizure disorders, 17 per cent of 
those with indeterminate focal cerebral 
dysfunction, 8 per cent of those with head- 
ache and 7 per cent of those with de- 
mentia." 

Presenile dementia may be caused by oc- 
cult hydrocephalus,! infarction or mass le- 
sions. Surgical attack has something to 
offer because it makes possible shuntiag of 
the occult hydrocephalus or removal of the 
responsible neoplasm. Computerized axial 
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tomography can accurately detect tumors 
and identify hydrocephalus and cerebral 
atrophy. It would seem that in the near 
future pneumography, angiography, 1so- 
tope brain-scanning and cisternal radio- 
iodinated serum albumin studies may be 
entirely eliminated in the case of persons 
with dementia! 

Because of the variability of densities of 
brain tumors, we anticipate continually im- 
proved accuracy in interpretation of the 
EMI scan. Our experience would suggest 
that the neuroradiologist is able to tell the 
neurosurgeon whether the lesion at hand is 
a meningioma, cystic astrocytoma, solid 
astrocytoma, glioblastoma multiforme, 
Rathke pouch cyst, colloid cyst, pinealoma, 
hemangioendothelioma, metastatic tumor, 
or acoustic neurilemmoma (Fig. 10). 

Appraisal of the role of computerized 
axial tomography in the management of 
trauma to the head is rapidly being re- 
solved. Cerebral edema can be detected, as 
can epidural or subdural and intracerebral 
hematomas. “The costly night-time emer- 
gency neuroradiologic special study may be 
disappearing from the scene.’”® 





Fic. 10. Positive contrast enhanced computerized axial tomography displaying a left acoustic neuroma. 
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Fic. 11. Computerized axial tomography reveals hydrocephalus and a radiolucent area in the 
right cerebellar hemisphere, the right temporal region and possibly the left hemisphere. 


One of the most promising aspects of this 
equipment is its application in following 
the course of brain disease. It can be used 
to distinguish a postoperative blood clot 
from postoperative cerebral or cerebellar 
edema. The effectiveness of dexamethasone 
is graphically displayed by serial scans as 
in the case of this elderly gentleman who 
was suffering from cerebral metastasis of a 
large-cell carcinoma of the lung. The initial 
scan (Fig. 11) revealed apparently multiple 
metastatic processes as represented by 
areas of decreased density in the cerebellum 
and cerebrum. Therapy with dexametha- 
sone resulted in rapid clinical improvement 
and reduction of ventricular size and reso- 
lution of the lesion as exhibited in the EMI 
scan (Fig. 12). As the use of steroids was 
reduced or discontinued, symptoms again 
occurred and again the pattern described 
by the scan deteriorated (Fig. 13). 

I venture to suggest that not many of 
you know how long it takes for a subacute 
hydrocephalus secondary to a cerebellar 
tumor to resolve after removal of the tu- 
mor. A 42 year old woman's preoperative 
scan (Fig. 14) revealed a rather marked 


obstructive hydrocephalus secondary to a 
cystic 1emangioendothelioma of the right 
cerebelar hemisphere. Within the week— 
6 days to be exact—after operation her 
ventricles had returned to normal size 
(Fig. 14). 

Computerized axial tomography has a 
high cegree of accuracy in the diagnosis 
of spcntaneous intracerebral hematomas. 
Still, te surgeon needs more information 
as to tae cause of the hematoma than the 
procec ire can elicit, as illustrated by the 
follow: ag: 

In a 16 year old boy awaiting removal of 
à cast prior to operation for thoracolumbar 
scoliosis, left hemiplegia rapidly developed 
and the patient became markedly obtunded 
within a few minutes. Emergency EMI 
scan revealed a large right cerebral hema- 
toma encroaching on the right lateral ven- 
tricle (Fig. 15). Despite this disclosure, it 
was necessary to carry out carotid angiog- 
raphy <o ascertain, if possible, the source of 
the bleeding, such as an arteriovenous 
anomaly or a congenital aneurysm (Fig. 
16). Indications of the angiogram were al- 
most within normal limits and the EMI 
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axial tomography reveals the reduction in size of the tumor in the right cerebellar 


"IG. 12. Computerized 
al hemispheres and reduction in size of the ventricular system as the result of 


hemisphere and cerebr 
dexamethasone therapy. 





"IG. 13. Same case as that in Figures 11 and 12 with recurrence of hydrocephalus and enlargement of the 
cerebellar tumor after the discontinuance of dexamethasone therapy. The lesion proved to be metastatic 


adenocarcinoma of the lung. 
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Fic. 14. The EMI scan reveals the solid portion ot a hemangioendothelioma of the right cerebellar hemi- 
sphere, the cystic portion of the tumor and the hydrocephalus; 6 days following surgery, computerized 
axial tomography revealed the ventricular system to have returned to essentially normal size. (From 
Baker, H. L., Jr., Campbell, J. K., Houser, O. W., Reese, D. F., Sheedy, P. F., and Holman, C. B. Com- 
puter assisted tomography of the head: an early evaluation. Mayo Clin. Proc., January, 1974, 49, 17-24.) 





Fic. 15. The EMI scan shows the spontaneous intracerebral hematoma 
with rupture of the hematoma into the ventricular system. 
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Fic. 16. (4 and B) Angiograms of the same patient as in Figure 15 immediately following the EMI scan 
revealed very little distortion of the intracerebral vessels. Operation was successfully accomplished on the 


basis of the clinical findings and the EMI scan. 


scan appeared to be infinitely more con- 
clusive. Operation was accomplished suc- 
cessfully. 


CONCLUSIONS 


The effectiveness of EMI scans has been 
enhanced by the adjunctive use of contrast 
materials and by improvement of diagnos- 
tic acumen and equipment. The procedure 
surely will become the most nearly accurate 
single neuroradiologic examination. The 
salient advantages of the method are ap- 
parent in the lack of morbidity and mor- 
tality which follow its application. I shall 
not be enticed into a prediction as to the 
future of other diagnostic neuroradiclogic 
procedures. You may speculate on these as 
well as I. However, the influence exerted by 
the machine on our practice 1s evident and 
it is extending. It is this aspect that I 
should like to discuss in my coneluding 
remarks. 

We train neurosurgeons to operate any- 
where in the entire nervous system. The 
facts of the matter are that many spend 
their time practicing neurology, performing 
diagnostic tests, caring for head injuries 
and performing operations for protruded 
intervertebral disks. Computerized axial 
tomography is clearly a radiologic pro- 


cedure. There will be a decline in cerebral 
angiography, as there has been in ventricu- 
lography and pneumography. Actually, 
there are too many neurosurgeons in the 
United States" performing procedures 
which probably would be better done by 
others. As we train new neurologists and 
neuroradiologists, neurosurgeons necessar- 
ily will be eliminated, or released, if you 
wish, from these tasks. Neurosurgical train- 
ing programs already are reducing the 
number of residents by virtue of pressures 
from within and without teaching institu- 
tions. The number of residency programs 
surely will be reduced. With the advent of 
these social, educational and economic 
pressures, the scope of neurosurgery will be 
constricted and the numbers of neuro- 
surgeons reduced. Finally, the baton will 
be passed to the neurologists and radiolo- 
gists in the matter of how best they can 
contribute to ideal care for the patient. 
It is, however, absolutely imperative that 
the neurologist, radiologist and neuro- 
surgeon work in complete harmony as well 
as with knowledge of what each 1s doing. 
What could be more disastrous than for an 
uninformed neurologist to order a pneumo- 
gram for a 12 year old child with papil- 
ledema and cerebellar ataxia and a busy 
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radiologist to perform the procedure, the 
patient becoming comatose and opistho- 
tonic, and no neurosurgeon or operating 
room available? We may hope that disas- 
ters such as this will be eliminated by the 
judicious interpretation of computerized 
axial tomography and by the efforts of bet- 
ter-informed neurologists, neurosurgeons 
and neuroradiologists. My relationship 
with my colleagues in these disciplines has 
been enviable. 

In closing, I should like to express my in- 
debtedness to John Camp, Allen Good and 
David Pugh for their invaluable counsel 
and guidance in the early days and, in more 
recent years, the matchless help and nota- 
ble acumen of Colin Holman, Bud Baker, 
Bob Scanlon, Dave Reese, Wayne Houser, 
Pat Sheedy and Dick Fulton. 

I am grateful indeed to your Society for 
conferring upon me the distinction insepa- 
rable from the privilege of delivering the 


Caldwell Lecture. 
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EFFECT OF ANGIOGRAPHIC CONTRAST MEDIA AT 
THE CELLULAR LEVEL IN THE BRAIN: 
HYPERTONIC VS. CHEMICAL ACTION* 


By ROBERT L. WALDRON, II, M.D.,t RICHARD B. BRIDENBAUGH, M.D.,} 
and EDWARD W. DEMPSEY, Px.D.§ 


NEW YORK, NEW YORK 


LECTRON microscopic studies have 

resulted in observations that are re- 
lated to the concept of the blood-brain 
barrier: (1) due to the sparsity of an extra- 
cellular space in the brain, transfer of mat- 
ter must take place primarily from the 
blood into the intracellular spaces;*" (2) 
closely apposed surfaces (tight junctions) 
characterize the interface between paren- 
chymal capillary endothelial cells o* the 
brain;? and (3) pinocytotic vesicles in the 
endothelial cells of blood vessels are in- 
vclved in transport between blood and ad- 
jacent parenchymal cells. These vesicles 
are present in other organs of the body, but 
appear to be comparatively small in num- 
ber in the brain.” 

It has been well established that it is the 
parenchymal capillary endothelium which 
impedes the passage of matter from the 
vascular compartment into the brain? 2175/5 
Under normal conditions the brain capil- 
lary endothelial cells serve as a protective 
barrier to matter circulating in the vascular 
compartment. The tight junctions between 
these endothelial cells are thought to con- 
stitute one of the structural bases of the 
blood-brain barrier. 

In an earlier report from this laboratory, 
tight junctions were shown to open fcllow- 
ing repeated injections of angiographic 
contrast media.!® Using saccharated iron as 
electron opaque tracer material, iron par- 
ticles were seen in the open junctions fol- 


lowing repeated injections of contrast 
media. Ir addition, numerous pinocytotic 
vesicles, seen infrequently in controls, were 
seen in the capillary endothelial cells. 
These vesicles contained iron particles, 
suggesting significant transport from blood 
to brain as a result of the repeated injec- 
tions of angiographic contrast media. 

Our object in this paper is to review these 
changes and to compare them to the effect 
produced by hypertonic saline (£95 NaCl) 
injections. Sodium chloride 5% is known to 
have approximately the same osmolality as 
the contrast media in common usage for 
cerebral «ngiography.'?^? 


METHOD 


Right craniotomies were followed by 
right common carotid artery catheteriza- 
tions performed under direct vision in 6-12 
pound cats of both sexes using intravenous 
pentobarbital anesthesia. A 20 gauge poly- 
ethylene catheter was positioned in the 
artery over a guide wire which had been 
placed through a tiny arteriotomy made 
with iricectomy scissors. Deep cerebral 
biopsies were obtained at the conclusion of 
each experiment, entering the right pari- 
etal convexity and extending through the 
floor of the lateral ventricle and into the 
region of the third ventricle. Specimens 
from cerebral cortex, white matter, epen- 
dyma, and choroid plexus were obtained 
and placed immediately in 1% buffered 
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l'1G. 1. Anteroposterior common carotid arteriogram 
(subtraction film) obtained with 3 ml. of Hypaque 
50, containing 100 mg. Armidexan. Note that the 
middle (M) and anterior (A) cerebral arteries are 
opacified bilaterally with this volume of contrast 
media injected into the common carotid artery. 
The internal carotid artery is rudimentary in the 
adult cat and the intracranial arteries are supplied 
principally through the rete externum (carotid 
plexus) (arrow). 


osmium tetroxide. The tissue was rapidly 
dehydrated in ethanol and embedded in 
Swiss Araldite. Thin sections were cut on a 
diamond knife with a Porter-Blum MT-1 
microtome and examined without staining 
in an RCA EMU-3F electron microscope. 

Control animals received: (1) injection 
of 3 ml. normal saline every 2 minutes for a 
total of 15 injections with biopsy obtained 
following the last injection; (2) injection of 
a combination of 2 ml. normal saline plus 
I ml. (100 mg.) saccharated iron compound* 
at the same time interval as (1) with biopsy 
obtained following the last injection; and 
(3) craniotomy only with no arterial injec- 
tions but elapsed time from craniotomy to 
biopsy the same as (1) and (2). 

The experimental models (Fig. 1) em- 
ployed repeated injections of (1) sodium 
diatrizoate 50%} (14 animals), (2) meglu- 
mine iothalamate 60%{ (2 animals), or 

* Armidexan. 


t Hypaque 5o. 
t Conray 60. 


Bridenbaugh and E. W. Dempsey Novemser, 1974 


(3) sod. um chloride 5% (6 animals) (one 
group utilizing 3 ml. of the contrast media 
or hvpertonic saline, containing 100 mg. 
saccharated iron, every 2 minutes for a 
total of 15 injections in 30 minutes, and a 
second zroup using 3 ml. of contrast media 
Or hypertonic saline, containing 100 mg. 
saccharated iron, every 71 minutes for a 
total of 5 injections in 30 minutes). 


RESULTS 


In the control group receiving no injec- 
tions at saline, tight junctions are closely 
apposed and pinocytotic vesicles are rare 
(Fig. 2, 4 and B). In controls receiving 15 
injections of normal saline the tight junc- 
tions remain closed, but a few large pino- 
cytotic vesicles can be seen and, when the 
saccharated iron electron microscopic tracer 
material is used, tracer particles can be 
identified in these vesicles (Fig. 3, 4 and 
B). Rarely, tracer particles can be identified 
in the adjacent perivascular space in the 
normal saline controls. 

Repeated injections of angiographic con- 
trast m2dia cause increased pinocytosis and 
opening of tight junctions. This phenome- 
non hes been reported previously with 
Hypaque 50,5 but also occurs with Conray 
60 (Fig. 4, £ and B). Even with Decadron 
pretreatment, which prevents the develop- 
ment o: much of the associated glial edema 
that occurs,? the pinocytotic activity is 
increased and the tight junctions can be 
found to open (Fig. 6, 4 and B). 

If biopsy is delayed for one hour follow- 
ing the 15 injections of contrast media se- 
quence. the tight Junctions are normal in 
appearance and little pinocytotic activity 
Is seen, but tracer particles can be found in 
the ad; 1cent glial cells as evidence that the 
endothelial barrier had been disrupted but 
rapidly pps to its normal appearance 
(Fig. 7, 4 and B). 

In animals receiving 5 injections of con- 
trast media over 30 minutes rather than 15 
injectiens, pinocy totic activity was not as 

markec as in the animals with 15 injections 
but was increased compared to normal 
saline controls and tracer particles were 
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Fic. 2. (4) Electron micrograph and (B) schematic diagram of noninjected control. Note visualization of 3 
endothelial cells lining the capillary lumen. Two “tight junctions" are illustrated. Immediately to the left 
of the endothelial cells is a small perivascular space containing a pericyte (fibroblast). The boundaries of 
the perivascular space are endothelial cells on the right and glial cells on the left. Cerebral cortex 76,000 X 
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3 ml. injections of nor- 
mal saline containing Armidexan. Note the normal appearance of tight junctions between adjacent endo- 
thelial cells. A few large pinocytotic vesicles are seen to contain tracer particles. White matter 37,400 X. 
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Fic. 4. (4) Electron micrograph and (B) schematic diagram afte- 15 injections of Conray 60. The tight junc- 
tion illustrated is opened throughout its course. Large endothe ial pinocytotic vesicles are not noticeable in 
this field, but are common in animals receiving 15 injections cf Conray 60 as well as Hypaque 50. Cortex 
103,000 X. 
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Fic. 5. (4) Electron micrograph and (B) schematic diagram after 15 injections of Hypaque 5o to illustrate a 
common appearance of the perivascular space. No tight junct ons are seen in this section. One large pino- 
cytotic vesicle contains tracer particles. The capillary lumen contains numerous tracer particles. Scattered 
tracer particles are located in the perivascular space. The perivascular space (basal lamina) which sur- 
rounds the endothelium of capillaries is :n continuity with the cerebral subarachnoid space. Around small 
capillaries it is a potential space only; but theoretically, at least, substances which are located in this space 
can migrate into the cerebral subarachnoid space. 
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Frs. 6. (4) Electron micrograph and (B) schematic diagram after 15 injections of Hypaque 50; 4 mg. of Dec- 
adron had been administered both intravenously and intramuscularly prior to the experimental protocol, 
The tight junction in the center of the field is opened throughout its course. Numerous large pinocytotic 


vesicles containing tracer particles are seen including one (arrow) opening into the capillary lumen. White 
matter 76,000 X. 
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Fic. 7. (4) Electron micrograph and (B) schematic diagram after 15 injections of Hypaque with biopsy 1 
hour after the last injection. The capillary ison the left. The single tight junction is closed and the appear- 
ance of the endothelial cells is similar to that seen in the noninjected control animals. The perivascular 


glial cells are not edematous. However, tracer iron particles are present in the glial cells indicating prior 
blood-brain transport. Cortex 76,000 X. 
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Fic. 8. (4) Electron micrograph and (B) schematic diagram a'ter 15 injections of NaCl 5% (hypertonic 
saline). Medium power. Note multiple, large pinocytotic vesicles in the endothelial cells. The single tight 
junction (arrow) has multiple areas of apposition and is normal in appearance. White matter 27,000 X. 


identified in the perivascular space indicat- 
ing passage across the capillary endothe- 
lium. No opened tight junctions were iden- 
tified. 

In the group receiving 15 injections of 
hypertonic saline, pinocvtosis occurred to 
the same degree as that seen in animals 
with 15 injections of contrast media, but it 
was not possible to identify any opened 
tight junctions (Fig. 8, 4 and B; and 9, 
4 and B). In animals receiving 5 injections 
of hypertonic saline over 30 minutes, the 
amount of pinocytotic activity quantita- 
tively simulated that seen in animals with 5 
injections of contrast media. 


DISCUSSION 


The blood-brain barrier is not, we feel, 
an all or none phenomenon based on the 
observation that a limited amount of pino- 
cytotic transport can occur when normal 
saline 1s injected into the common carotid 
artery, frequently, at short intervals (Fig. 
3, 4 and 5). However, because of the tight 
junctions between adjacent endothelial 
cells, which remain unaltered, and are pe- 
culiar to the parenchymal capillaries of the 


brain, this endothelium functions as a 
moderately effective barrier to matter cir- 
culating in the vascular compartment. 
Repeated injections of angiographic con- 
trast media break through the endothelial 
barrier, 7.e., blood-brain barrier by: (1) in- 
creasing pinocytotic activity; and (2) open- 
ing tight junctions between the endothelial 
cells. It is a well known fact that cerebral 
capillaries show no macromolecular trans- 
port in physiologic circumstances.® Like- 
wise, the tight junctions do not allow pas- 
sage of matter through them under physio- 
logical conditions.? Thus, the repeated in- 
jections of contrast media alter both the 
pinocytotic transport and the tight junc- 
tions in disrupting the blood-brain barrier. 
Once through the endothelial barrier, 
tracer material can be seen to migrate into: 
(1) the perivascular space, which communi- 
cates (potentially) with the subarachnoid 
space (Fig. 5, 4 and B); and (2) into the 
intracellular space, 7.e., glial cells (Fig. 6, 
A and B); but (3) we have not identified 
tracer material in the extracellular space. 
When 15 injections of contrast media are 
given every 2 minutes, but biopsy delayed 
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Fic. 9. (4) Electron micrograph and (B) schematic diagram after 15 injections of NaCl 5% (hypertonic 
saline). Higher power. The multiple, large p nocytotic vesicles ir the endothelium can be seen to contain 
tracer particles. The single tight junction is rormal in appearance. Cortex 52,000 X. 


for 1 hour following the last injection, the 
tight junctions are closed and the number 
of pinocytotic vesicles simulates those in 
control animals with saline injections. How- 
ever, iron particles, which are used as the 
electron microscopic tracer material, are 
seen in the glial cells indicating prior blood- 
brain transport (Fig. 7, 7 and 5). 

The alteration in the blood-brain barrier 
produced by repeated injections of an- 
giographic contrast media, therefore, ap- 
pears to represent a reversible process. Evi- 
dence that it has occurred remains, how- 
ever, in the form of iron particles seen in 
the perivascular glial cells. Thus, recovery 
from the insult to the blood-brain barrier 
brought about by the frequent repeated in- 
jections of angiographic contrast media 
occurs rapidly. 

Rapoport and co-workers?!? have theo- 
rized that hypertonic solutions per se 
osmotically shrink endothelial cells and 
open tight junctions, and it is a popular 
theory that it is the hypertonic quality of 
contrast media which is responsible fer its 
ill effects on the brain. Our findings 1n these 
studies have led us to conclude tha- re- 
peated injections of angiographic contrast 


media result in transgression of the blood- 
brain barrier by 2 mechanisms. 

Firstly, the hyperosmolar quality of the 
contrast media leads to increased pino- 
cytosis, and it is this quality which can be 
reproduced by substituting hypertonic 
saline injections for contrast media injec- 
tions. However, one must invoke a second 
quality fer the contrast media based on 
chemical structure to account for opening 
of tight janctions between the endothelial 
cells which occurs with the contrast media, 
but not with the hypertonic saline injec- 
tions of stmilar osmolality. 


SUMMARY 


Repeated injections of angiographic con- 
trast mecia led to disruption of the en- 
dothelial barrier of the cerebral paren- 
chymal capillaries (blood-brain barrier) ex- 
perimentzlly by (a) promoting pinocytosis 
and (b) opening the tight junctions which 
exist between the endothelial cells. 

Two mechanisms appear to be involved 
in this process. The hyperosmolar quality of 
the contrast media is responsible for the 
increased pinocytosis, while the chemical 
nature of the contrast agents used (Hy- 
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paque 5o, and Conray 60), results in open- 
ing of the tight junctions. 
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CEREBRAL ANGIOGRAPHIC FINDINGS IN 
DISSEMINATED INTRAVASCULAR 
COAGULATION* 


By WILLIAM A. WEIDNER, M.D., and ROBERT W. BRENNAN, M.D. 


HERSHEY, PENNSYLVANIA 


ISSEMINATED intravascular ceagu- 

lation (DIC) is an acquired hemor- 
rhagic thrombotic syndrome which occurs 
as a result of the presence of thrombin in 
the systemic circulation. It is not a distinct 
pathologic entity, but rather a pathophysi- 
elogic state which is an intermediary 
mechanism of disease. ?57^.* DIC occers in 
the microcirculation and should be dis- 
tinguished from thromboembolic disease 
mvolving major vessels.! 

There are 3 processes which can cause 
disseminated intravascular coagulation: 
(1) endothelial cell injury with secondary 
exposure of collagen which activates Hage- 
man factor XII and the intrinsic clotting 
system; (2) tissue injury with a resu tant 
release of tissue thromboplastin which in 
the presence of factor VII can activate the 
extrinsic clotting system; or (3) injury to 
red cells and/or platelets with the release of 
phospholipid which accelerates blooc co- 
agulation. These injury mechanisms, with 
their subsequent effect on the clotting sys- 
tems eventually result in the formation of a 
proteolytic enzyme, thrombin.’ 

When thrombin is released in the sys- 
temic circulation, it has a number of effects; 
not the least of which are the cleavage of 
fbrinogen to form fibrin, aggregation of 
platelets, and the consumption of specific 
plasma proteins. Secondary fibrinolysis is 
also activated by thrombin, probably 
through its activation of plasmincgen. 
Plasmin also results in fibrinogen degrada- 
tion products which participate in the 
hemorrhagic diathesis. The combinaticn of 
activation of clotting mechanisms and the 
secondary fibrinolysis causes the clir:cal 
manifestation of hemorrhage and fibrin 


thrombus formation. DIC presents clini- 
cally with the picture of bleeding at multi- 
ple sites and occasionally with acrocyanosis 
or thrombotic episodes.??:9.! 

Some of the disease states in which DIC 
is seen include: tissue injury as seen in ob- 
stetrical, surgical, or neoplastic disorders; 
endothelial injury such as gram negative or 
positive septicemia, viremia or prolonged 
hypotension; platelet or red cell injury such 
as hemolysis; and finally reticuloendothelial 
system injury exemplified by liver injury 
or post splenectomy.?:457.9:19 The clinical 
features of this disorder include a hemor- 
rhagic thrombotic diathesis, a specific co- 
agulation test profile, the presence of fibrin 
thrombi and the response to heparin ther- 
apy. Three abnormal screening tests are 
important for the diagnosis. These are the 
prothrombin time, fibrinogen level, and 
platelet count. Confirmatory tests for 
fibrinolysis are the thrombin time, euglobu- 
lin lysis time, or detection of fibrinogen 
degradation products. Heparin is the treat- 
ment of choice and when used 1n correctly 
diagnosed cases, leads to a prompt response 
in the clotting factors.’ 


REPORT OF CASES 


Case 1. E. S.—032739, a 72 year old white 
female was admitted on July 6, 1972, for radia- 
tion therapy for recently uncovered endo- 
metrial carcinoma, complicated by an episode 
of Bacteroides septicemia. In the second week of 
her radiation therapy, she suddenly became 
confused and disoriented. Neurologic evalua- 
tion revealed impaired cognitive function, com- 
plete left homonymous hemianopsia, abnormal 
posturing and impaired rapid alterating move- 
ments in the left extremities without drift or 
weakness, and extinction of touch and pain 


* From the Departments of Radiology and Medicine, The Milton S. Hershey Medical Center, the Pennsylvania State University 


College of Medicine, Hershey. Pennsylvania. 
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Fic. 1. Case 1. July 37, 1972. Left carotid arterio- 
gram. There is complete occlusion of the left 


middle cerebral artery distal to the origin of the 
lenticulostriate arteries. 


stimuli on the left side with double simulta- 
neous stimulation. The remainder of the sensory 
examination was normal, except for mislocaliza- 
tion of touch stimuli on the left side. Her neuro- 
logic findings remained stable, but on the fol- 
lowing day she became aphasic, and developed 
right central facial weakness, mild weakness in 
the left arm and leg, and bilateral hyper-reflexia. 
Laboratory studies revealed a hematocrit of 23 
per cent, a platelet count of 60,000, prothrom- 
bin time of 18.7 sec. over a control of 11.4 sec., 
thrombin time 24.9 sec. with a control of 19.9 
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Fic. 2. Case 1. Left carotid arteriogram, early venous 


phase. There is delayed retrograde filling of the 
major branches of the middle cerebral artery. 
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sec., fibrinogen 270 mg. per cent, ethanol gel 
test for fibrin split products positive. A left 
carotid arteriogram on July 31, 1972, demon- 
strated complete occlusion of the left middle 
cerebral artery distal to the origin of the lenticu- 
lostriate arteries (Fig. 1). There was delayed 
retrograde filling of the major branches of the 
middle cerebral artery and filling defects were 
demonstrated in these occluded vessels (Fig. 2; 
and 3). Intravenous Heparin was begun. Over 
the next 48 hours, she showed further neuro- 
logic deterioration, with flaccid paralysis of the 
right arm and leg, loss of visual responses to 
threat, and to optokinetic stimuli, and progres- 
sive decline in level of consciousness. Pupillary 
responses remained normal. Thereafter, until 
her death 4 weeks later, she remained neuro- 
logically stable, but developed multiple pur- 
puric lesions, and loss of pulses and gangrenous 
changes in both feet. Despite continuous 
Heparir therapy, and improvement in her ab- 
normal coagulation studies to or toward normal, 
she showed no significant functional recovery 
and died following hypotension and septicemia. 


Case 11. M.A.—032600, a 55 year old white 
female, whose admission was prompted by 2 
episodes of transient left arm and left leg weak- 
ness within the previous month. Her neurologic 
examination on admission was unremarkable, 
but witrain 24 hours she had developed a dense 
left hemiparesis and left homonymous hemi- 
anopsia. Chest roentgenogram demonstrated a 
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Fic. 3. Case 1. Left carotid arteriogram, late venous 

phase. Filling defects can be seen in an occluded 

posterior parietal branch of the middle cerebral 
artery (arrows). 
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left hilar mass. On transfer to the Hershey Med- 
ical Center, June 30, 1972, she was disoriented, 
lethargic, but responsive to simple commands. 
She showed moderate left-sided weakness, arm 
greater than leg, left-sided hyper-reflexia, -lasp- 
knife resistance to passive movement, seed an 
extensor plantar response on the left. Multiple 
cutaneous ecchymoses, and prolonged bleeding 
from venapuncture sites were noted. A right 
carotid arteriogram the same day demon- 
strated complete occlusion of the major crunk 
of the middle cerebral artery, with delayed 
retrograde filling of the ascending frontoparietal 
artery via leptomeningeal collaterals from the 
pericallosal artery (Fig. 4; and 5). On the fol- 
lowing day she became more agitated and de- 
veloped weakness of the right face and arm, 
dysphasia and loss of all evidence of vision, in- 
cluding response to optokinetic stimuli aad to 
visual threats, while pupillary responses to 
hght were preserved. Laboratory studies on ad- 
mission revealed a platelet count of 86,000, 
fibrinogen 110 mg. per cent, and thrombin time 
24.9 sec. with a control of 17.6 sec. Other hema- 
tologic studies were within normal limits. After 
3 days of Heparin therapy, the platelet count 
had risen to 244,000 and fibrinogen to 61* mg. 
per cent; other hematologic abnormalities were 
also reversed. Her neurologic deficits failed to 
improve, and she developed Cheyne-Stokes 
respiration, progressive unresponsiveness to 
painful stimuli, and hypotension leading to 
death on her 6th hospital day. 

Postmortem examination showed brorcho- 
genic carcinoma, metastatic to the medias- 
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Kic. 4. Case 11. Tune 30, 1972. Right carotid arterio- 
gram. There is complete occlusion of the m ddle 
cerebral artery just distal to the origin of the pos- 
terior temporal artery. 
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Fic. 5. Case rr. Right carotid arteriogram. Antero- 


posterior projection. This view confirms the oc- 
clusion of the middle cerebral artery (arrow). 


tinum, and multiple areas of intravascular 
thrombosis in varying stages of organization, 
involving large and medium size arteries in 
heart, liver, spleen, brain and other organs. 
Friable fibrinoid material was present on the 
left heart valves, and was identified within 
several arteries also. The brain showed mul- 
tiple areas of cortical and subcortical ischemic 
infarction, involving right central and parietal 
areas, left medial occipital lobe, and right 
cerebellar hemisphere. 


Case irr. R.H.—040358, a 60 year old white 
male, developed bilateral calf thrombophlebitis, 
and was treated briefly with anticoagulants. 
Three weeks later, on December 23, 1972, he 
awoke from sleep with aphasia and right hemi- 
paresis. He was admitted to a local hospital, 
and thereafter showed stepwise deterioration in 
neurologic function over the next 4 days. On 
transfer to the Hershey Medical Center on 
January 3, 1973, he was severely obtunded, 
with normal vital signs. Responses to painful 
stimuli were incomplete and purposeless, in- 
cluding decerebrate posturing on the left, and 
decorticate movements on the right. Oculo- 
cephalic movements were conjugate and brisk 
in all directions. He intermittently showed 
bursts of low amplitude nystagmus on reflex 
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Fic. 6. Case mr. January 4, 1973. Right carotid 
arteriogram, early arterial phase. There are multi- 
ple occlusions of intermediate sized vessels in the 
distribution of the ascending frontopazietal and 
posterior parietal branches of the middle cerebral 
artery. 


conjugate lateral eye movements. There were 
no responses to corneal stimuli, loud noises or 
visual threat. The response to optokinetic test- 
ing was equivocal. Reflexes were hyperactive 
throughout, with bilateral extensor plantar re- 
sponses. There were multiple petechial and 
purpuric skin and nail bed lesions in varying 
stages of evolution. Carotid angiography on 
January 4, 1973, revealed multiple intracranial 
arterial occlusions with delayed collateral fill- 
ing, primarily in the distribution of the ascend- 





Fic. 7. Case ur. Right carotid arteriogram, late 
arterial phase. Persistent opacification of end-on 
vessels indicating slowing of circulation and oc- 
clusion of peripheral vessels (arrows). 
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ing frortoparietal branch of the right middle 
cerebral artery (Fig. 6-8) and complete occlu- 
sion of the proximal left middle cerebral artery. 
Laboratory studies were consistent with acute 
disseminated intravascular coagulation, with 
platelet count of 78,000, prothrombin time of 
16 sec. over 12 sec., PTT of 59 sec. over 34 sec., 
fibrinogen 155 mg. per cent. Fibrin split prod- 
ucts we-e present. Heparin therapy was begun, 
with prompt remission in his hematologic ab- 
normalities in all areas. Over 5 days he became 
more aert, regained strong purposive move- 
ments 13 all 4 extremities, but remained mute, 
incessartly restless, and unresponsive to all 
verbal and visual stimuli. He showed no re- 
sponses to visual threat, or to optokinetic tape 
movements. lunduscopic and pupillary find- 
ings remained normal. He slowly improved to 
the point of ambulation without support, but 
mutism, cortical blindness and probable cor- 
tical deafness persisted. Despite initial good 
response to continuous Heparin therapy over 
the first 6 weeks, he showed an abrupt relapse 
in his coagulation abnormalities in the setting 
of a gram negative septicemia, became ob- 
tunded and developed left lower extremity 
gangrenous changes. Increased Heparin dosage 
again controlled his coagulation abnormalities, 
but his general condition deteriorated and he 


Fic. 8. Case ut. Magnification view of the right 
frontal area demonstrating the occluded vessels 
(arrows) in the capillary phase of the arteriogram. 
There is "smudging" along the course of some 
vessels suggesting extravasation of contrast ma- 
terial (crossed arrow). 
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died 2 weeks later following prolonged hypo- 
tension. 


Case 1v. R.S.—039877, a 49 year old white 
male with a 2 year history of thrombocyto- 
penic purpura, had undergone splenectomy 2 
months before, with return of platelet counts to 
normal values. In this setting, he developed a 
pulmonary embolism, a rapid fall in platelets 
to 50,000, and positive tests for fibrin split 
products, and was admitted elsewhere for anti- 
coagulation therapy. The day following dis- 
charge, he complained of headache, vomiting, 
and difficulty using his left hand. On the follow- 
ing day, he developed reiterative focal seizures 
in the left upper extremity. On neurologic ex- 
amination, he was alert and oriented, despite 
repetitive stereotyped focal seizures, occurring 
about every 15 minutes and characterized by 
tonic head and ocular deviation to the left, and 
clonic twitching of the left face, which spread 
to the left arm, and then gradually abated over 
10-15 seconds. Funduscopic examination 
showed mild blurring of both disk margins, 
with a single small linear hemorrhage. There 
was paralysis of the left arm, and moderate 
weakness of the left leg on voluntary move- 
ment. There was a left extensor plantar re- 
sponse. Perception of all sensory modalities was 
impaired in the left arm and leg. Lumbar punc- 
ture showed an opening pressure of 360 mm. 





Fic. 9. Case 1v. March 22, 1973. Right carotid 
arteriogram. Multiple occlusions of smal] and 
intermediate size vessels in the frontal and parietal 
lobes. 
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Fic. 10. Case iv. March 24, 1973. Right carotid 
arteriogram. Anteroposterior projection. There is 
a massive shift of the pericallosal artery from right 
to left. 


water, with 11,750 red blood cells and 37 white 
blood cells, predominantly polymorphonuclear. 
The supernatant was xanthochromic. A right 
carotid arteriogram on March 22, 1973, showed 
multiple occlusions of smaller cerebral arteries 
in the frontal and parietal areas, without evi- 
dence of mass effect (Fig. 9). Laboratory 
studies revealed a platelet count of 25,000, but 
all other screening studies for consumption 
coagulopathy were normal. Despite anticon- 
vulsant therapy, focal seizures persisted 
through the next 48 hours, but he remained 
neurologically stable until the fourth hospital 
day, when he developed acute obtundation, 
bradycardia and a complete right third nerve 
palsy involving both pupillary and oculomotor 
functions. A repeat right carotid arteriogram 
on March 24, 1973, demonstrated a large 
avascular mass in the right frontal lobe con- 
sistent with a deep parenchymal hematoma. 
Multiple occlusions of branches of the middle 
cerebral artery were also seen (Fig. 10-12). An 
emergency right frontal craniotomy was per- 
formed with evacuation of approximately 200 
cc. of clotted blood. He remained unresponsive, 
with dilated, fixed pupils, decerebrate motor 
response to painful stimuli, and bilateral ex- 
tensor plantar responses. He showed relentless 
neurologic deterioration consistent with trans- 
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Fig. 1r. Case 1v. March 24, 1973. Right carotid 
arteriogram. Magnification roentgenogram. There 
are major intermediate arterial occlusions present 
in the distribution of the ascending frontoparietal 
artery. Persistent end-on opacification of vessels 
indicating occlusions (arrow). 


tentorial herniation, and expired on the sth 
hospital day. 

At postmortem examination, the brain 
showed multiple and bilateral cerebral hemi- 
spheric lesions consistent with hemorrhagic in- 
farction, and multiple intraarterial thrombi and 
fibrin platelet aggregates. 


DISCUSSION 


Disseminated intravascular coagulation 
Is a pathophysiologic state which is seen in 
a variety of disease processes. In DIC, 
fibrin thrombi occur initially in vessels of 
microscopic size and then subsequently in- 
volve larger vessels.!?:? At autopsy, many 
of these patients have marantic endo- 
carditis, and embolization of fibrin clots to 
the major intracranial arteries undoubtedly 
accounts for some of the findings. The spec- 
trum of angiographic changes is a manifes- 
tation of the severity of the intravascular 
thrombotic process and the severity of 
endothelial damage to the involved vessels. 
There are no pathognomonic angiographic 
signs of disseminated intravascular coagu- 
lation in the microcirculation of the brain. 
The cerebral angiographic changes include 
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major vessel occlusions such as the middle 
cerebral artery. More commonly, inter- 
mediate size vascular occlusions are seen. 
When these intermediate vessels are not 
completely occluded, stasis is demonstrated 
with s owing of the circulation in the dis- 
tribution of these vessels. Intraluminal 
filling lefects can be seen in the intermedi- 
ate sized vessels, particularly on magnifica- 
tion films. Another manifestation of stasis 
Is the persistence of opacification of the 
end-or lumen of involved vessels in the 
capillary and even in the venous phases of 
the arzeriogram. Collateral circulation via 
the leptomeningeal vessels is sluggish and 
may be absent. Frequently a blush is pres- 
ent around involved vessels which may 
represent extravasation of contrast ma- 
terial through the damaged endothelium. 
Luxary perfusion? can be present at the 
periphery of involved areas of brain. Oc- 
casionilly, streaming is seen in cortical 
veins and cortical venous thromboses oc- 
cur. There is a remarkable absence of 
spasm or narrowing in small vessels and in- 
deed dilatation of patent arteries is fre- 
quently seen. This is in contradistinction 
to the pattern in angiitis or drug abuse pa- 
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Fic. 12 Case rv. Right carotid arteriogram, capillary 
phase. [ntraluminal filling defects are present in 
the occluded vessels (arrows). There is a large 
avascular mass in the frontal lobe. 
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tients,2!314 or in experimental cerebral 
emboli.” 

Finally, mass lesions are encountered 
which may be secondary to infarction or 
intracerebral hematoma. 

Undoubtedly, angiographers have noted 
many of these changes in the past, particu- 
larly in cases of low grade intravascular co- 
agulation. Perhaps the most distinctive 
change which is noted in DIC 1s the rela- 
tively large area of brain that is involved in 
comparison to the so-called stroke or usual 
embolic episode. Furthermore, the dilata- 
tion of proximal vessels and uninvolved 
vessels is unusual in most stroke syndromes 
and probably represents a secondary vaso- 
dilatation due to involvement of large areas 
of the microcirculation of the brain and 
perhaps its effects on the autoregulatory 
mechanisms of cerebral perfusion.‘ 


SUMMARY AND CONCLUSIONS 


We have reviewed the clinical and cere- 
bral angiographic findings in 4 patients 
presenting to our Neurology Service with a 
falminating clinical syndrome of acute, 
multifocal cerebral injury, consistent with 
multiple cerebral ischemic infarctions with 
or without a hemorrhagic component. 
Three had definite, and 1 had presumptive 
laboratory evidence of disseminated intra- 
vascular coagulation. 

All showed angiographic changes of acute 
thromboembolic occlusion. of large and 
medium sized intracranial arteries, involv- 
ing multiple sites bilaterally, but with pre- 
dilection for the middle cerebral arteries. 

Postmortem examination 1n 2 cases has 
cenfirmed the presence of widespread cere- 
bral and systemic thromboembolism, with 
both ischemic and hemorrhagic changes in 
brain and other organs. In both, marantic 
or nonbacterial endocarditis was found as 
well, raising the question of whether embo- 
lization of the fibrin-platelet aggregates 
from this lesion could alone account for the 
findings we described. 

We suspect that endocardial involve- 
ment may determine the form that the 
basic syndrome may take, and is always 
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present when cerebral infarction dominates 
the clinical picture in patients with the 
DIC syndrome. However, clinical and post- 
mortem evidence of venous involvement in 
2 of our patients would suggest 77 situ vas- 
cular deposition of fibrin products as an 
additional factor in pathogenesis, in some 
patients at least. 

While the angiographic changes de- 
scribed are not pathognomonic for the syn- 
drome of disseminated intravascular co- 
agulation, they are sufficiently distinct 
from other forms of cerebral vascular dis- 
ease in their location and distribution to 
strongly support the clinical diagnosis of 
this entity. No patient had evidence of pre- 
existing arteriosclerotic cerebral vascular 
disease, nor could any other potential site 
for thromboemboli be found, such as a 
patent foramen ovale or postinfarction 
mural thrombus. No element of vasculitis 
or, for that matter, any other form of pri- 
marv angiopathy was seen in the tissues 
studied. Angiographic findings have corre- 
lated well with the patient's neurologic 
findings, and with neuropathologic findings 
at postmortem examination. 

It has been suggested that the basic 
pathogenetic mechanism in the syndrome 
can be arrested by Heparin therapy, but 
only if diagnosis and treatment are initiated 
early in the course. When, as in our pa- 
tients, the syndrome presents with rapidly 
progressing cerebral involvement, the prog- 
nosis will remain poor, unless improved 
methods of diagnosis permit its recognition 
within its early stages. We believe that 
neuroradiographic studies can contribute 
much toward this goal. 


William 4. Weidner, M.D. 
Department of Radiology 

The Milton S. Hershey Medical Center 
The Pennsylvania State University 
Hershey, Pennsylvania 17033 
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CEREBRAL ANGIOGRAPHY IN MOMENTARY CARDIAC 
ARREST AND SYSTEMIC HYPOTENSION 
IN THE DOG* 


By SHU-REN LIN, M.D.+ 


PHILADELPHIA, PENNSYLVANIA 


PROLONGATION of the arterial phase 
during serial cerebral angiography oc- 
curs not only in marked intracranial hy- 
pertension, systemic hypertension, and dif- 
fuse arteriolar-capillary blockage,” but also 
in syncope, such as vaso-vagal syncope, 
carotid sinus syncope, and cardiac stand- 
still, as a result of generalized cerebral 
ischemia. The latter conditions are appar- 
ently due to a marked reduction of blood 
pressure which produces the stasis of con- 
trast medium in the arterial tree. 

In the present study, serial cerebral ar- 
teriography was performed in dogs during 
momentary cardiac arrest induced by ace- 
tylcholine chloride, and during systemic 
hypotension induced by infusion of Ar^onad 
(trimethaphan). This was done to confirm 
our clinical observations and to correlate 
the degree of hypotension with the dura- 
tion of prolongation of the arterial phase. 


MATERIAL AND METHOD 


Sixteen dogs weighing 14-25 kg. were 
used; 12 for momentary cardiac arrest and 
4 for hypotensive study. The animals were 
anesthetized with intravenous sodium pen- 
tothal, 25 mg./kg. body weight and addi- 
tional doses were given when necessary. 

During the entire procedure, each an mal 
was intubated and ventilated with 40 per 
cent oxygen and 60 per cent air. Blood gas 
analysis was performed immediately prior 
to each cerebral angiography. The P,CO, 
was held between 30 and 40 mm./kg. by ad- 
justing the respirator. 

Bilateral paratracheal incisions were 


made to expose both common carotid ar- 
teries and 1 of the internal jugular veins. 
Two catheters were inserted into each com- 
mon carotid artery near the carotid bi- 
furcation for injection of contrast medium 
and recording of blood pressure. A third 
catheter was inserted into the superior vena 
cava for injection of acetylcholine chloride 
and trimethaphan. 

Blood pressures and electrocardiograms 
(ECG) were monitored on a Sanborn two- 
channel recorder. Electroencephalography 
(EEG) was recorded in those animals in 
which momentary cardiac arrest was done. 
Steel needles were inserted into holes 
drilled through the skull and were con- 
nected to an EEG amplifier in the poly- 
graph. Standard recordings were taken 
from frontoparietal and parieto-occipital 
areas using the bipolar technique. 

Momentary cardiac arrest was induced 
by rapid injection of acetylcholine chloride 
(o.1-1.0 mg./kg.) into the superior vena 
cava. Each dog had 2 to 3 cerebral angio- 
grams performed: at the beginning, during, 
and at the end of the cardiac arrest. Angio- 
grams were done in the lateral view by 
means of Sanchez-Perez film changer, 
using 2:1 magnification technique. 

In each of 8 dogs, 12 exposures were 
made in 6 seconds at an o.5 second interval. 
In each of 4 dogs, 12 exposures were made 
in I2 seconds at 1.0 second intervals. 
Twelve control angiograms were also ob- 
tained. Ten cubic centimeters of methyl- 
glucamine diatrizoate and sodium dia- 
trizoate (Renografin 60) was injected in 1 
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second by a Cordis injector. 

Systemic hypotension was produced in 4 
dogs by rapid infusion of Arfonad (0.05 
mg./ml. in 5 per cent glucose in water) into 
the superior vena cava, thus controlling the 
rate of blood pressure fall. Each dog had 4 
angiograms taken at mean blood pressures 
of 10-so mm. Hg. Blood pressure was 
lowered in steps of approximately 10 mm. 
Hg. Cerebral angiograms were obtained 
at each step reduction. After each study, 
blood pressure was elevated and main- 
tained at control level by the intravenous 
infusion of Aramine solution. Twelve ex- 
posures in 6 seconds were obtained in 
those animals in which the mean arterial 
pressure was above 30 mm. Hg, and 12 
exposures in I2 seconds were obtained in 
those animals in which the mean arterial 
pressure was below 30 mm. Hg. The EEG 
activity was not recorded. 


RESULTS 


Cardiac arrest occurred within 3 to 8 
seconds after the beginning of the injection 
of acetylcholine solution and continued for 
3 to 25 seconds.!® A few heart beats were 
usually present before the end of the 
cardiac arrest. The duration of the cardiac 
arrest was proportional to the dose of the 
injection.!? In most cases, bradycardia and 
tachycardia were present in the recovery 
period. Bradycardia persisting for a few 
seconds followed by 1-2 minutes of tachy- 
cardia or 1-2 minutes of bradycardia 
without associated tachycardia was ob- 
served. Atrioventricular block, idioventric- 
ular rhythms, and atrial fibrillation were 
also often present. 

The mean carotid pressure fell rapidly 
from 85-125 mm. Hg to 40-70 mm. Hg 
within a second, and it further dropped to 
baseline in 3-4 seconds following the onset 
of asystole. In some animals the carotid 
pressure remained in the 10-30 mm. Hg 
range for about 1 minute before returning 
to normal. However, in others, the pressure 
gradually returned to normal levels as soon 
as cardiac contraction began. A complete 
recovery of the carotid pressure required 
2-6 minutes after resumption of cardiac 
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contractions. 

When the cardiac arrest persisted for 
less than 7 seconds, there were usually no 
EEG abnormalities.? However, in those 
animals in which the cardiac arrest was 
longer than 8 seconds, or whose pressure 
remained at a low level even after the ar- 
rest, EEG changes were noted. These 
changes consisted of slow waves beginning 
10-20 seconds after the cardiac arrest and 
continuing for 5—20 seconds. Following this, 
an 1soe.ectric EEG was usually present and 
continued for 10-25 seconds (Fig. 1). 
Cerebral electrical activity reappeared with- 
in a few seconds after return of the heart 
beat. However, in those animals in which 
the pressure continued to remain at a low 
level (:0-30 mm. Hg), the EEG activity 
did not recover until the pressure was ele- 
vated above 40 mm. Hg. 

With systemic hypotension induced by 
infusion of Arfonad, the heart rate (control 
range 130-180 beats/min.) fell by 10-20 
per cert within 2 minutes of the injection. 
In 2 animals, cardiac arrest occurred when 
the mean arterial pressure dropped below 
2; mm. Hg for more than a few minutes. 
Myocardial insufficiency (ST elevation and 
T wave inversion) was occasionally seen, 
and usually returned to normal within a 
few minutes of the end of profound hypo- 
tensior. 

Angiographic findings in control dogs. 
The ertire angiogram, from the beginning 
of the arterial phase to the end of the 
venous phase, seldom lasted more than 6 
seconds. The arterial phase usually required 
2—3 seconds followed by an equal period of 
time for the venous phase. The capillary 
phase was extremely short and rarely well 
visualized (Fig. 2). 

Angiographic findings during momentary 
cardiac arrest and during systemic hypoten- 
sion. The most characteristic finding during 
momentary cardiac arrest was a prolonged 
arterial phase in both the intracranial and 
extracranial arteries during the 6 or 12 
second course of the study. Depending up- 
on when the contrast medium was injected 
and how long the severe hypotension per- 
sisted (10 to 30 mm. Hg), prolongation of 
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Fic. 1. Simultaneous recording of EEG (electrcencephalogram), ECG (electrocardiogram), and carotid pres- 
sure during the rapid injection of acetylcholine (0.7 mg./kg.) into the superior vena cava. Cardiac arrest 
occurs 4 seconds after the injection and continues for 18 seconds. Carotid pressure falls rapidly from 125 
mm. Hg to 60 mm. Hg in 1 second and it further drops to 10 mm. Hg in 3-4 seconds. The pressure con- 
tinues to remain at a low level for 2} minutes before returning to normal. Slow waves in the EEG appear in 
10 seconds and remain for 6 seconds. Following this, an isoelectric EEG is present and remains for 16 sec- 
onds. Reference recording is taken from right parietal to right mandible. Suppression and burst effect is 
seen in the recovery period. (Horizontal bar 1.0 sec.; vertical bar 50 nV; R right; L= Left; FP = frontal 
parietal recording; PO= parietal occipital; OF = occipital frontal.) 


the arterial phase lasted the entire course 
of the study, even after the cardiac con- 
tractions recovered (Fig. 3; 4; and 5). Al- 
though the arterial trees appeared te be 
denser than those in the control studies, no 
or only slight dilatation of the vessels was 
demonstrated. However, when large doses 
of acetylcholine ( >0.9 mg./kg.) were used, 
significant dilatation was invariably no- 
ticed. With a mean arterial pressure of 40 


mm. Hg after restoration of cardiac con- 
traction, angiograms demonstrated slight 
prolongation of the arterial phase (3-4 
sec.). With a mean arterial pressure of 50 
mm. Hg, prolongation was not seen. 
Trimethaphan (Arfonad) is a ganglionic 
blocking agent? which also has a direct 
vasodilator effect." When the mean blood 
pressure was lowered to about 3o mm. Hg 
by this drug, the arterial phase continued 


488 


Shu-Ren Lin 





NOVEMBER, 1974 





Fic. 2. Normal angiographic findings in control dog. (4) 1 sec., “B) 2.5 sec., (C) 3 sec., (D) § sec. after injec- 


tion. The branches of the external carotid artery are markedly enlarged, especially the branches of the in- 
ternal maxillary artery (arrows) while the intracranial arteries are surprisingly small (arrowhead represents 
the anterior cerebral artery). The arterial phase usually requires 2-3 seconds followed by an equal period of 
time for the venous phase. The capillary phase is extremely short. 


for 4-5 seconds. It remained longer at the 
pressure of below 30 mm. Hg. Prolongation 
was usually not present at a pressure of 40 
mm. Hg (Fig. 6; and 7). In 1 dog, prolonga- 
tion of the arterial phase was not seen even 
at a pressure below 30 mm. Hg until after 
bradycardia. No visible or only slight dila- 
tation of the intracranial vessels was no- 
ticed. 


DISCUSSION 


Changes in cortical electrical activity are 
a consequence of deficient oxygenation of 
the central nervous system following circu- 
latory changes evoked by exogenous drugs. 
The changes secondary to administered 
acetylcholine are similar to those induced 
by asphyxiation,! which produces a com- 


bination of cerebral anoxic anoxia and aci- 
dosis caused by CO, retention in the blood. 
Meyer and Marx? explained that EEG 
changes secondary to asphyxic anoxia ap- 
pearec to depend primarily upon anoxic 
brain damage. The critical level for mean 
cortical pO. was 10 mm. Hg. When the 
cortical pO; fell below 6-8 mm. Hg, there 
was a rapid efflux of sodium ions from the 
extracellular space and an increase in the 
extracellular potassium ion activity, as well 
as EEG changes of diffuse slow waves of 
increased amplitude. When the cortical pO; 
fell further, between 2-4 mm. Hg, the 
sodium and potassium ion movements in- 
creased, and the EEG became isoelectric. 
Prompt restoration of respiration or cere- 
bral blood flow resulted in recovery of 
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Fie. 3. Angiographic findings during momentary cardiac arrest. (Z) 1 sec., (B 
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sec. after injection. When angiography is performed immediately after the onset of the 8 second cardiac 
arrest, prolongation of the arterial phase lass the entire 6 seconc course of study. No visible dilatation of 
the vessels is noted (arrowheads represent the anterior and midd cerebral arteries). Multiple radiopaque 


reedles were used for EEG recording. 


cortical oxygen tension, ionic homeos-asis, 
and EEG activity. The EEG findings in 
this study appear to be compatible with 
others. !??5 Recovery time of the EEG ap- 
peared to be directly related to duration of 
hypotension and total amount of crugs 
given. Wiederholt e a/.,?8 in their study of 
the effect of systemic hypotension upon the 
cerebral electrical activity, observed that 
an isoelectric EEG presented in 13 seconds 
after the mean arterial pressure dropped 
from 130 mm. Hg to 30-40 mm. He by 
rapid intravenous infusion of Arfonad 
(tr methaphan). However, the EEG activ- 
ity was only transiently depressed when 
hypotension was induced by hemorrhage. 
They concluded that profound systemic 
hypotension alone should not be responsible 
fer loss of EEG activity. 


Autoregulation of the cerebral blood flow 
circulation was first described by Fog in 
1934.? Us ng the pial-window technique of 
Forbes,! he observed arteriolar constric- 
tion whea systemic blood pressure was 
elevated «nd vice versa. Since then, several 
different observations pertaining to the 
pressure-fow relationships of the brain 
have been published. However, the mecha- 
nism of autoregulation of the cerebral cir- 
culation has still remained a subject of 
debate. Easically, 3 theories have been 
emphasized: (1) the myogenic theory.*919.15.15 
It is based on the contraction observed in 
other muscles in response to stretch. Bay- 
liss? postulated that the smooth muscle 
cells of the arteries or arterioles reacted in a 
similar way to an increase in internal pres- 
sure. Raised intramural pressure potenti- 
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Fic. 4. (4) 2 sec., (B) 4 sec., (C) 6 sec., (D) 8 sec., (E) 1; sec., C9) 11 sec. after injection. When angiography 
is performed at the end of cardiac arrest, while the pressure remains at a low level (below 2; mm. Hg), pro- 
longation of the arterial phase lasts the entire 12 second course of the study, even after cardiac contractions 
begin again (arrowheads represent the anterior and middle ce-ebral arteries). 


ates vasomotion which leads to a rise in 
vascular resistance and vice versa. The pre- 
capillary resistance vessels are considered 
to be the site of the changes in resistance. 
(2) The metabolic theory.!*7:? It implies 
that autoregulation is a flow-dependent 
phenomenon. The flow passively follows 
changes in the perfusion pressure, leading 
to an altered chemical state in the tissue. 
Secondarily, the change in concentration of 
the metabolites induces changes in the 
caliber of the resistant vessels, which act 
to keep the flow constant. Hypoxia and 
hypercapnia induce vasodilatation and hy- 
pocapnia vasoconstriction. (3) The tissue- 


pressure theory.?:15?» According to this hy- 
pothesis, autoregulation is purely a me- 
chanical event. It occurs in the low pressure 
vessel: by the pressure of tissue fluid on 
them. When the arterial blood pressure is 
raised. there is an increase in outflow of 
fluid from the capillaries into the extra- 
vascular space. This outpouring of fluid will 
cause the perivascular pressure to increase. 
Since the venous vessels have the lowest 
internal pressure and little rigidity, they 
woulc be most vulnerable to changes in tis- 
sue pressure, tending to collapse and there- 
by ra se the postcapillary resistance. In re- 
cent years, the 2 former theories have re- 
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ceived wider support than the latter. An- 
other theory is that autoregulation of the 
cerebral blood flow may be influenced by 
the autonomic nervous system. 

A normal cerebral blood flow can be 
maintained over a fairly wide range of ar- 
terial blood pressures. Kleinerman ef a/.? 
cbserved that during high spinal anesthesia 
the mean arterial blood pressure in normo- 
tensive patients fell 30 per cent (from 95-63 
mm. Hg) from the control value, which did 
rot change cerebral blood flow significaatly. i——3 
A similar observation was made by Dewar MEAN BLOOD  PRESSURElmmHg| 


et al.4 under the action of hexamethomum. mE 
Finnerty et a7.,? in their study of cerebral Fis. 5. Relationship between the duration of pro- 


: P A . longation of the arterial phase and the severe 
ischemia induced by intravenous infusion denie hyfobeneoa induced by infusion -of 


of hexamethonium, found that when cere- acetylcholine chloride (O =6 second course of the 
bral ischemia occurred it disclosed the fol- study; @ — 12 second course of the study). 


PHASE 


DURATION of the ARTERIAL 
(time in seconds) 








-————— Cerebral Angiogra&phy(12 sec) 


Ho | 


2004 
caroto “°° | p aa 
pressure 190 NIS Mes] 
mm-Hg 100 - : 





Fic. 6. (4) 2 sec., (B) 3 sec., (C) 4 sec., (D) 5 sez., (E) 6 sec., (F) 7 sec. after injection. Angiographic findings 
during severe systemic hypotension induced by infusion of Arfonad in the presence of normal cardiac func- 
tion. The 12 second course of the angiography was performed at £ mean pressure of 30 mm. Hg, the dura- 
tion of the arterial phase 1s 5 to 6 seconds. 
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Fic. 7. Relationship between the duration of pro- 
longation of the arterial phase and the severe 
systemic hypotension induced by the infusion of 
Arfonad. 


lowing: (1) the mean arterial pressure fell 
from a mean value of 109 mm. Hg to 48 
mm. Hg; (2) the rate of cerebral blood flow 
decreased significantly from a mean of 51 
to 31.5 ml./100 gm./min.; (3) the mean 
cerebral vascular resistance also fell sig- 
nificantly from 2.2 to 1.5; and (4) the 
cerebral oxygen consumption was not 
changed appreciably from control values. 
Although considerable variation was seen 
in the level of arterial pressure at which 
signs of cerebral ischemia occurred, it 
ranged from a mean value of 89 mm. Hg in 
the malignant hypertensive group to 29 
mm. Hg in the normotensive group over 6o 
years of age. The value of cerebral blood 
flow was not appreciably different in the 
individual groups studied. Harper! ob- 
served that in mongrel dogs, the mean 
blood pressure was reduced from the aver- 
age initial value of 155 mm. Hg to 80-90 
mm. Hg without any significant alteration 
in blood flow. Thereafter, the blood flow 
declined with the blood pressure. Schallek 
and Walz," in their study of the effect of 
Arfonad induced hypotension on the elec- 
troencephalogram, concluded that the rate 
of blood pressure fall with trimethaphan 
determined whether or not EEG activity 
was abolished; the slower the drop, the less 
effect on the EEG. In contrast, Wiederholt 
et al?’ reported that EEG activity always 
disappeared below 40 mm. Hg regardless of 
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the rate of drop of blood pressure. 

Brierley e al.’ found that if the cerebral 
perfusion pressure in animals (rhesus mon- 
key) had fallen to 2; mm. Hg, maximal 
vasodilatation was observed through the 
cranial window because the cerebrovascular 
resistance had probably reached a minimal 
value. Thereafter, any change in arterial 
PCO, or pH did not affect the calibers of 
cerebral arteries or arterioles. A similar ob- 
servation was made by Harper" in the dog, 
i.e., if mean arterial pressure was lowered to 
5o mm. Hg, cortical blood flow was not in- 
fluenced by changes in arterial PCO.. 

Ekstróm-Jodal eż 4.9? considered a mean 
arterial pressure of ṣo mm. Hg as the lower 
limit of autoregulation in the dog. In their 
study cf pressure flow relationship in hypo- 
tension in the dog induced by either papav- 
erine irfusion or by carbon dioxide inhala- 
tion, they observed that when the arterial 
blood pressure was lowered there was a suc- 
cessive decrease in the cerebrovascular re- 
sistance. However, in hypotension below 
the autoregulatory range, there was a 
marked increase in cerebrovascular resis- 
tance. The relation between the pressure 
and the flow was found to be curvilinear 
with the convexity toward the pressure 
axis, which was in contrast to the linear re- 
lationship observed by others.1*?5 

Prolongation of the arterial phase during 
momentary cardiac arrest is apparently due 
to a marked reduction of the arterial pres- 
sure, which causes a simultaneous marked 
decrease in blood flow. Secondarily, this 
severely impaired cerebral autoregulation 
produces a stasis of injected contrast me- 
dium in the arterial tree. A similar finding 
is also seen in profound systemic hypoten- 
sion induced by Arfonad, but to a lesser 
degree. The duration of the prolonged ar- 
terial phase correlates with the degree of 
hypotension below the mean blood pressure 
of 40 mm. Hg (Fig. 5; and 7). Of further 
interest was that 1 animal, in whom pro- 
found hypotension (2; mm. Hg) was in- 
duced rapidly (within 1 minute) by Ar- 
fonad, had no significant prolongation of 
the arterial phase until bradycardia de- 
veloped. 
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nds show only the arterial phase. Both 


anterior cerebral arteries are filled from the injected left side. The right middle cerebral artery is opacified 
at 1.0 seconds through 2.0 seconds. The posterior cerebral arteries are partially filled at 1.5 seconds. Con- 
trast opacification of the internal carotid, both anterior cerebra. arteries, and left middle cerebral artery 
's seen throughout the study. (Courtesy of Lee et al., Neuroradiolozy, 1973, 5, 233-236.) 


No visible or only slight dilatation ef the 
vessels is noticed in both conditions. Vaso- 
diatation is most likely secondary t» the 
efects of the injected drugs. Progressive 
vasodilatation was observed when the 
doses of acetylcholine chloride were in- 
creased. Because of the small size of the 
intracranial arteries in the dog, 1t seems not 
feasible for an accurate evaluation cf the 
status of the vessels in hypotension, even in 
2X magnification. 

The present study helps clarify our clini- 
cal observation of a patient who experi- 
er ced a slight headache and irregular heart 
beat during direct carotid arteriography. 
Only the arterial phase was present in the 
entire 8 second study (Fig. 8). This phe- 
nemenon was believed to be due tc mo- 
mentary cardiac arrest or heart block dur- 
ing the angiographic procedure.'* 


SUMMARY 


Serial cerebral angiography was per- 
formed in dogs during momentary cerdiac 
arrest induced by acetylcholine and in 
systemic hypotension induced by trimetha- 
paan. 


During momentary cardiac arrest. pro- 


longation of the arterial phase in both intra- 
cranial aad extracranial arteries was seen 
in the entire 6 or 12 second course of the 
study, while the blood pressure was at 
baseline level. The duration of the arterial 
phase was 3-4 seconds when angiography 
was performed during the recovery period 
at a mean blood pressure of 40 mm. Hg, 
and prolengation of the arterial phase was 
not observed when the study was done at 
the pressure of approximately 5o mm. Hg. 

In systemic hypotension in the presence 
of contiruing cardiac function, the dura- 
tion of the arterial phase lasted 4-5 seconds 
or longer at the mean blood pressure at or 
below 30 mm. Hg, and prolongation of the 
arterial phase was not present at the pres- 
sure of 45 mm. Hg. 

The duration of prolongation of the ar- 
terial phase is well correlated with the 
degree cf hypotension at mean arterial 
pressures below 40 mm. Hg in both condi- 
tions. 


Department of Radiology 

University of Rochester 
Medical Center 

Strong Memorial Hospital 

Rochester, New York 14642 


494 


The author is grateful to Dr. Lysle H. 


Peterson for the use of the Bockus Research 
facilities, and to Dr. Ernesto B. Go, Dr. 
Darryl N. Biery, Ms. M. Guy, R.T., Ms. 
J. Fuhrman, R.T., and Ms. J. Harley, for 


their valuable assistance. 


IO. 


II. 


. FoG, 


. GASTAUT, 


REFERENCES 


. AymonE-Marson, C., and Fuorres, M. G. F. 


Electrographic study of convulsant action of 
intravenously administered acetylcholine. 
Electroencephalog. & Clin. Neurophysiol., 1949, 
I, 258-290. 


. Baytiss, W. M. On local reaction of arterial 


wall to changes of internal pressure. 7. 
Physiol., 1902, 28, 220-231. 


. BRIERLEY, J. B., Brown, A. W., Excett, B. J., 


and MELDRUM, B. S. Brain damage in rhesus 
monkey resulting from profound arterial hypo- 
tension. I. Its nature, distribution and general 
physiological correlates. Brain Res., 1969, 73, 
68—100. 


. Dewar, H. A., Owen, S. G., and JENKINS, A. R. 


Effect of hexamethonium bromide on cerebral 
circulation in hypertension. Brit. M. F., 1953, 
2, IO17-IOI8. 


. Exstr6m-Jopat, B. On relation between blood 


pressure and blood flow in canine brain with 
particular regard to mechanism responsible for 
cerebral blood flow autoregulation. Acta 
physiol. scandinav., 1970, Suppl. 350, 1-28. 


. Exstr6m-Jopat, B., HAccENnpAL, E., and Nirs- 


soN, N. J. On relation between blood pressure 
and blood flow in cerebral cortex of dogs. 
Acta physiol. scandinav., 1970, Suppl. 350, 
29-42. 


. Exstrém-Jopat, B., HAccenpnat, E., and Nits- 


soN, N. J. Cerebral venous oxygen saturation 
during rapid changes in arterial blood pres- 
sure: oximetric study in dogs. Acta physiol. 
scandinav., 1970, Suppl. 350, 43-61. 


. Finnerty, F. A., JR., Witkin, L., and Fazexas, 


J. F. Cerebral hemodynamics during cerebral 
ischemia induced by acute hypotension. 7. 
Clin. Invest., 1954, 3.3, 1227-1232. 

M. Om piaarteriernes vasomotoriske 
reaktioner. Ejnar Munksgaard Forlag, Copen- 
hagen, 1934, p. 183. 

Forkow, B. Description of myogenic hypothe- 
sis. Circulation Res., 1964, Suppl. 15, 279-287. 

Forses, H. S. Cerebral circulation I. Observa- 
tion and measurement of pial vessels. Arch. 
Neurol. & Psychiat., 1928, 19, 761—761. 

H., and FiscuER-WiLLI4Ms, M. 

Electroencephalographic study of syncope: 

its differentiation from epilepsy. Lancet, 1957, 

2, 1018-1025. 


Shu-Ren Lin 


13. 


17. 


18, 


20. 


2I. 


22. 


23. 


24. 


$5. 


26. 


27. 


28. 


. HARPER, 


NOVEMBER, 1974 


HáàccENDAL, E., and Jouansson, B. Effects of 
arterial carbon dioxide tension and oxygen 
saturation on cerebral blood flow autoregula- 
tion in dogs. Acta physiol. scandinav., 1965, 
Suppl. 258, 66, 27-53. 

A. M. Interrelationship between 

PCO, and blood pressure in regulation of blood 

flow through cerebral cortex. Acta neurol. 

scandinav., 1965, Suppl. 14, 94-103. 


. Jounson, P. C. Review of previous studies and 


current theories of autoregulation. Circulation 
Res., 1964, Suppl. 15, 1-9. 


. KLEINERMAN, J., SancettTa, S. M., and Hackzr, 


D. B. Effects of high spinal anesthesia on 
cerebral circulation and metabolism in man. 
Y. Clin. Invest., 1958, 37, 285-293. 

Lassen, N. A. Autoregulation of cerebral blood 
flow. Circulation Res., 1964, Suppl. 1, 75, 201- 


2C4. 
Lee K. F., Lin, S. R., and Lee, J. J. Stand- 
st ll cerebral arteriogram secondary to heart 
block: case report with discussion of its me- 
chanism. Neuroradiol., 1973, 5, 233-236. 


; Low S..R., Lig, K Fa Go, E. B., Biery, D. N. 


and Liw, Z. S. Cerebral angiography during 
acetylcholine chloride induced momentary 
cardiac arrest: experimental study in dogs. 
Invest. Radiol., 1973, 413-417. 

Li, S. R. Angiographic study of cerebral circu- 
lation after various periods of cardiac arrest: 
preliminary study in dog. To be published. 

McCussin, J. W., and Pace, I. G. Nature ot 
hypotensive action of thiophanium derivative 
in dogs. 7. Pharmacol. & Exper. Therapy, 
1952, 705, 437-442. 

Meyer, J. S., and Marx, P. W. Pathogenesis of 
EEG changes during cerebral anoxia. Hand- 
book Electroencephalog. €2 Clin. Neurophysiol., 
1972, 14-44, 6-11. 

RaxpaLrL, L. O., PETERSON, W. G., and Len- 
MAN, G. Ganglionic blocking action of thio- 
phanium derivatives. 7. Pharmacol. €9 Exper. 
Therapy, 1949, 97, 48-57. 

RarELA, C. E., and Green, H. D. Autoregula- 
tian of canine cerebral blood flow. Circulation 
Res., 1964, Suppl. 1, 75, 205-211. 

Rirgy, R. L., PERMUTT, S., and BROMBERGER- 
Barnea, B. Elastic properties of tissues and 
autoregulation of blood flow. Physiologist, 
1902, 5, 203. 

SaAGAWA, K., and Guyton, A. C. Pressure-flow 
relationship in isolated canine cerebral circula- 
tion. Am. J. Physiol., 1961, 200, 711-714. 

ScHALLEK, W., and Warz, D. Effect of drug- 
incuced hypotension on electroencephalogram 
of dog. Anesthesiology, 1954, 15, 673-680. 

WiegrERHOLT, W. C., Locke, G., and YAsHoN, 
D. Hypotension and its effect on EEG activ- 
ity in dog. Neurology, 1972, 22, 717-725. 


Vor. 122, No. 3 


INTRACRANIAL CALCIFICATIONS IN CHILDHOOD* 
FREQUENCY OF OCCURRENCE AND SIGNIFICANCE 


By WILLIAM L. SCHEY, M.D.Tf 


CHICAGO, ILLINOIS 


To significance of roentgenographi- 
cally visible intracranial calcifications 
has been reported in numerous instances in 
both adults? and children.?1919 Calcifi- 
cations may be “physiologic” and therefore 
of no concern, or represent a change second- 
ary to infection, degeneration, trauma, 
neoplasia, metabolic disease, familia! dis- 
orders or medical treatment.'* If one at- 
-empts to distinguish calcifications of 1m- 
portance from those of no consequence, it 
is imperative that the examiner be aware 
of the frequency with which intracranial 
calcifications are noted and the form: and 
locations of those calcifications. With that 
knowledge it may be assumed that the ap- 
Dropriate investigation can be instituted, 
where necessary. 

An investigation was undertaken -n an 
attempt to ascertain: (1) the frequency 
with which intracranial calcifications are 
noted in roentgenograms of children; (2) 
chose entities in which the literature and 
our personal experiences indicate that 
calcifications do occur; (3) the appearance 
and location of those calcifications; amd (4) 
the logical clinical approach to those pa- 
tients in whom calcifications are notec. 


MATERIAL AND METHOD 


A number of patients having skull roent- 
zenograms for specific but varied reasons 
had their roentgenograms reviewed for 
calcifications. These patients afforded the 
frst 245 sets of skull roentgenograms an- 
alyzed in a 3 month period. No set of roent- 
zenograms was purposely excluded. The 
patient’s age, reason for obtaining the 
roentgenograms, and the presence or ab- 
sence of intracranial calcifications were re- 


corded (Table 1). The literature was then 
scanned for similar types of data; 7.e., those 
noting the frequency with which intracra- 
nial calcifications are noted. 

The skull radiography reports of a sec- 
ond grou» of patients seen at the Dysfunc- 
tioning Child Center (D.C.C.) of Michael 
Reese Medical Center were reviewed for 
comments referable to intracranial calcifi- 


TABLE Í 


“THE 246 SERIES" 
Age Range: 1 day-17 years 


No. of 
Cases 

Reason for Skull Roentgenography 
Trauma 93 
Convulsiors 42 
Known or ?hydrocephalus 21 
Failure to thrive 12 
Cerebral palsy II 
Weakness, syncope or fainting 9 
Headache " 
Microcephaly 7 
Cranial asymmetry 6 
Possible tumor 5 
Possible metastases c 
Infection tmeningitis; ?rubella, ?toxoplas- 

mosis) 4 
Mental or motor retardation 4 
Others (3 patients or less): Hypoglycemia, 

coma, spine tumor, hypotonia, dermal 

sinus, skull transilluminatability, jaun- 

dice, renal disease, delayed speech, cyclic 

vomiting, craniostenosis, neurofibroma- 

tosis, ba-tered baby, earache, vision prob- 

lem, ataxia. 19 
Patients with calcifications 
Trauma cases 3 
Failure to thrive I 
Convulsions I 


* Presented at the Sixth International Symposium on Pediatric Neuroradiology, Children’s Memorial Hospital, Chicago, Illinois, 


May 1, 1974. 


t Director, Pediatric Radiology, Michael Reese Mecical Center, Chicago, Ilīnois: Associate Professor of Pediatrics and Radi- 
ology, Pritzker School of Medicine, University of Chicago, Chicago, Illinois. 
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TABLE II 


INTRACRANIAL CALCIFICATIONS IN THE TEACHING 
FILES OF MICHAEL REESE MEDICAL CENTER 
AND CHILDREN'S MEMORIAL HOSPITAL 








1. Abscess 

2. Cytomegalic inclusion disease 

3. Hyperparathyroidism 

4. Hypoparathyroidism 

5. Hypervitaminosis D 

6. Lead intoxication 

7. Methotrexate (intrathecal) 

8. Phakomatoses 

g. Pseudohypoparathyroidism 

10. Subdurals and other intracranial “bleeds” 
11. Toxoplasmosis 

12. Tuberculosis 

13. Tuberous sclerosis 

14. Tumors (all types) 

15. The usual physiologic calcifications 





cations. There were 1,283 different pa- 
tients. Such patients are admitted to the 
D.C.C. if an attending physician deter- 
mines that they are developing poorly 
physically and/or emotionally or in gen- 
eral “are not adjusting to the world well." 
All these patients were 6 years of age or 
younger. The most frequently seen prob- 
lems were cerebral palsy, discoordinate 
motor function, language and/or speech 
problems, behavior problems and hyper- 
kinesis. Patients with other complaints of 
"Inappropriate adjustment" are also seen. 
All patients had skull roentgenograms. 
The literature was scanned for reports on 
other "select groups" in which skull roent- 
genogram findings were noted. 

The teaching files at Children's Memo- 
rial Hospital in Chicago and Michael! Reese 
Medical Center were searched for those 
skull roentgenograms indexed because of 
demonstrable calcifications. The etiologies 
of the calcifications are listed in Table rr. 
That series and "others" documented in 
the literature were recorded. 


RESULTS 
FREQUENCY 
The "245 Series." The age range of this 


series was "hours" to 17 years; the mean 
age was 4.6 years (4 years and 7 months). 


William L. Scher 


NOVEMBER, 1974 


“Trauma” and “convulsion” cases ac- 
counted for 55 per cent of the entire series. 
Other .arge groups in the series consisted 
of patients with failure to thrive (12 pa- 
tients), cerebral palsy (11), and hydro- 
cephalic patients (21). Five children of 245 
had calcifications demonstrated. One child 
with failure to thrive had pineal calcifica- 
tions at age 6 months. One 11 year old had 
faint pineal calcifications and was being 
evaluated for a seizure disorder. Three 
children being evaluated for trauma had 
calcifications of the petroclinoid or inter- 
clinoid ligaments. They were 11, 14, and 16 
years of age. Thus, 2 per cent of the group 
had calzifications. Only 2 patients with cal- 
cifications (0.9 per cent) were considered 
for evaluation for reasons other than 
trauma. Only 1 patient with calcifications 
was less than 6 years of age. 


THE LITERATURE ON PHYSIOLOGIC CALCIFICATIONS 


Willich e£ al.” in a review of over 34,000 
children found calcifications in 0.83 per 
cent. [n 25 per cent of those no cause was 
found. Peterson and Kieffer! stated that 
pineal calcifications are found in approxi- 
mately 5.1 per cent of children. McRae!’ 
stated -hat habenular commissure calcifi- 
cations are found almost as often as pineal 
calcifications. In the present series there is 
a frequency of less than 1 per cent. Palu- 
binskas and Davies" indicated that physio- 
logic calcifications are commonly found in 
childrer; these physiologic calcifications 
involve the pineal gland, the choroid 
plexus, and the falx. Varadarajan and 
Ramamurthi? reported that numerous 
structures in the skull often become partly 
or wholly calcified under normal circum- 
stances (7.e., physiologic). They also con- 
sidered calcifications of the pineal gland, 
choroid plexus, dura, and the pacchionian 
bodies 3s physiologic. 


THE DYSFUNCTIONING CHILD CENTER 


The  Dysfunctioning Child Center 
(D.C.C.) of Michael Reese Medical Center 
afforded roentgenograms of 1,283 children 
6 years of age or younger. No intracranial 
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calcifications were noted in the reports of 
these roentgenograms. 


THE LITERATURE ON “SPECIAL GROUPS" 


In the literature on special groups with 
intracranial calcifications are references to 
patients with brain tumors, convulsions, 
psychiatric disorders, A-V malformations, 
"abnormalities" in a large series, and toxo- 
plasmosis. In 123 children with brain tu- 
mors French? found calcifications in 29 per 
cent. These tumors included meningiomas, 
astrocytomas, angiomas, ependymomas, 
eraniopharyngiomas, ^ spongioblastemas, 
pinealomas,  oligodendrogliomas, astro- 
blastomas, tuberculomas, and metastatic 
neuroblastomas. Grossman ef a£? found 
calcifications in 4 per cent of 50 comsecutive 
children with brain tumors. Majd & al.’ 
reviewed 31 children in early infancy with 
brain tumors. Three (10 per cent) had cal- 
cifications. These 3 patients had a cranio- 
pharyngioma, meningioma, or teratoma. 

Hayes and Shopfner* reviewed 234 chil- 
dren with convulsions. One patient had a 
falx calcification. The remainder cf the pa- 
tients failed to reveal any evidence of 
intracranial calcifications. 

Rumbaugh and Potts!? evaluated 61 pa- 
tients with A-V malformations. Thirty 
per cent had calcifications, but a significant 
number were not children. 

Kraft et al.8 reviewed 1,000 psychiatric 
patients (primarily older children and 
adults) and only 2 had calcifications. These 
2 patients later were found to have brain 
tumors. 

Varadarajan and Ramamurthi® re- 
viewed a series of "abnormal" patients 
without describing the nature of the ab- 
normality. Of 2,151 patients less than 10 
years of age 0.04 per cent demonstrated 
pineal calcifications and no other intra- 
cranial calcifications. 

Sutton? reported on 6 patients with 
toxoplasmosis all of whom had calcifica- 
tions which on close inspecton were 
strongly suggestive of toxoplasmosis. The 
literature according to Sutton reports that 
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calcifications occur in toxoplasmosis at 
least 50 per cent of the time. 


EVALUATION OF TEACHING FILES 
AND THE LITERATURE 


The teaching files of the Children's Hos- 
pital and Michael Reese Medical Center 
were reviewed and revealed calcifications 
in the skull roentgenograms of children with 
the diagnoses as enumerated in Table rr. 
Table m: lists the additional diagnoses 
causing intracranlal calcifications, accord- 
ing to published reports. 


THE LOCATION AND MORPHOLOGY OF 
INTRACRANIAL CALCIFICATIONS 


The morphologic variability of physio- 
logic and pathologic calcifications as re- 
ported in the literature 1s great. Dural cal- 
cifications have been described as linear 
sheet-like, solid, flecks, etc. Pineal calcifi- 
cations can be pin-point or greater than 1 
cm. in diameter.!? Calcifications can occur 
in any of the basal ganglia,! primarily the 
globus pallidus, and are described as mot- 
tled, solid, crescentic, faint, dense or 
"variable."?" The habenular calcifications 
are usually described as crescentic!^ and the 
choroid plexus (glomus) calcifications are 
described as pop-corn kernel, circular!’ 
and stippled.? The teaching file roentgeno- 
grams of Michael Reese and Children's 
Memorial Hospitals reveal similar vari- 
abilitv in the morphology of the calcifica- 
tions. 

The locations in which physiologic cal- 


TABLE III 


OTHER DOCUMENTED CAUSES OF INTRACRANIAL 
CALCIFICATIONS 


I. “Abnormal” basal ganglia 

2. Abnormal" choroid plexus (with or without 
seizures) 

Ecchinococcosis 

Familial degenerative disease 

Intracranial hemorrhage 

. Lipoproteinosis 

Rubella 

. Tapeworm larvae 

. Torulosis 
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cifications occur are more specific than the 
morphologic characteristics. Pathologic 
calcifications can occur in any intracranial 
site. 

Morphologic similarities of pathologic 
calcifications do occur but variability in 
appearance is more frequent. 


Fic. 1 





. (4) Anteroposterior and (B) lateral roentgeno- 
grams of the skull in a patient with known hyper- 
vitaminosis D. Falx and tentorial calcifications are 
heavy. This patient had been on massive doses of 
vitamin D for correction of an alleged condition of 
vitamin D resistant rickets. 


The analysis of our teaching file films 
demonstrated dural calcifications (usually 
considered as benign) in pathologic states 
such as hypervitaminosis D (Fig. 1) and 
lead intoxication (Fig. 2). Our films showed 
diffuse and dense paraventricular calcifica- 
tions in I case of cytomegalic inclusion dis- 


Fic. 2. (4) Anteroposterior and (B) lateral roentgenograms of the skull in a patient with lead intoxication. 
Calcifications of the falx and tentorium are present and simulate the calcifications noted in the patient 
with hypervitaminosis D (Fig. 1). The specific explanation of extensive dural calcification in this patient 


with lead intoxication is unknown. 
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ease (Fig. 3) and a small deep crescentic 
calcification in a second (Fig. 4). In the 
cases of toxoplasmosis, some had diffuse 
concentric and linear calcifications (Fig. 5) 
and one had deep circular densities (Fig. 6). 

In each of the disease entities noted in 
Table 11 there was significant variation in 
the morphologic characteristics of calcifi- 
cations in those patients with identical 
diagnoses. The literature supports the 
finding that considerable variation is fre- 
quent.?!? 


DISCUSSION 


The frequency with which calcificztions 
appear intracranially increases with age 
and is unrelated to sex. Physiologic calcifi- 
cations are seen in the first 10 years of life 
but with a frequency of less than : per 
cent. In the first 6 years of life the rate is 
even lower. Physiologic calcifications are 


Q 





Fic. 2. (C) Anterior view of the patient's knee dem- 
onstrating heavy metaphyseal bands representing 
further evidence of heavy metal intoxication. 
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Fic. 3. Lateral view of a microcephalic patient with 
extensive paraventricular calcifications. The pa- 
tient was a proved case of cytomegalic inclusion 
disease. There is residual air from previous ventric- 
ular studies. 


considered such when they are found in 
certain defined areas of the brain or menin- 
ges (pineal, choroid plexus, basal ganglia! 
or dura) and are apparently unrelated to 
the patient’s general status. 

It is unusual to find any calcifications in 
children being evaluated for head trauma 
in general hospitals. Of course, skull roent- 
genograms in referral institutions might 
be expected to have a higher yield. This 
would be so in neurologic institutions to 
which brain tumor patients are referred or 





Fic. 4. Lateral roentgenogram of a patient with a 
normal or slightly enlarged skull and a single cal- 
cification (arrow) deep within a frontal lobe. This 
patient had cytomegalic inclusion disease and 
demonstrates manifestations different from those 
of the patient in Figure 3. 
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Fic. 5. (4) Anteroposterior and (B) lateral roentgenograms of < patient with toxoplasmosis. There are dif- 
fuse parenchymal and subcortical calcifications, some of which are curvilinear and others straight. 


in institutions caring for children post in- 
flammation of the central nervous system. 
Actually, many groups that would be ex- 
pected to have high rates of calcifications 
do not. This includes the dysfunctioning 
child center patients and the reported se- 
ries of seizure patients.? 

The frequency of occurrence of patho- 
logic calcifications is greatest in vascular 


A 





e 5 


abnormalities (A-V malformations,!? Sturge- 
Weber and similar entities“), brain tumors, 
and as a result of cerebral inflammatory 
disease “cytomegalic inclusion disease, toxo- 
plasmosis, tuberculosis, etc.™). Although 
considerably higher in these specific groups 
than others the frequency in any one group 
is still low, except for toxoplasmosis. 
Numerous etiologies are responsible for 





Fic. 6. (4) Anteroposterior and (B) lateral roentgenograms of the skull in a patient with toxoplasmosis. This 
patient has curvilinear and circular calcifications (arrows) d2ep within the parenchyma just above the 
skull base. There is a significant difference in appearance from that shown in Figure 5. 
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causing intracranial calcifications. We 
found calcifications in many instances 
(Tables 11 and 111). Teaching files and per- 
sonal collections could probably add a sig- 
nificant number of varying etiologies but 
most would be the result of a very unusual 
inflammatory disease (or infestation), 
tumor," iatrogenic?? or familial cause. 1 

Intracranial hemorrhage causing a 
chronic subdural hematoma or old intra- 
ventricular bleeding can account for intra- 
cranial calcifications. Unusual inflamma- 
tory processes have also been reported and 
include listerosis and torulosis.2* Some of 
the most interesting causes are reported in 
patients with familial and/or degenerative 
disease processes.!^:!^?? These patients may 
have “‘fits’’ or seizure disorders, ataxia, or 
physical and/or mental deterioration. Since 
calcifications in some of these patients are 
found in the basal ganglia, hypoparathy- 
roidism or  pseudohypoparathyroidism 
should be considered. The serum calcium 
and phosphorus levels are usually normal, 
however. It is evident that basal ganglion 
calcifications can be found in normal pa- 
tients, but since such occurrences are rare 
the finding of calcific deposits at that site 
should be viewed with considerable sus- 
picion. 

The morphologic characteristics of intra- 
cranial calcifications have been described 
by numerous authors. Some feel that calci- 
fications in specific entities yield pathog- 
nomonic data. Most authors, including 
the writer, feel that the variability of the 
calcifications (number, size, quality, loca- 
tion) is so great that in most instances only 
a differential diagnosis should be proffered. 
Nevertheless, it behooves the roentgenol- 
ogist to call attention to the findings and 
suggest a possible etiology. 

In considering further medical evalua- 
tion of a patient with intracranial calcifica- 
tions it probably is safe to say that further 
evaluation should be based heavily upon 
the history and clinical findings rather than 
on the specific finding of intracranial calci- 
fications. Calcifications found intracranially 
in locations other than the usual physiologic 
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locales will raise more questions but should 
not in and of themselves stimulate exten- 
sive, costly, painful and at times morbid 
examination. 


CONCLUSIONS 


1. Intracranial calcifications are infre- 
quent in the childhood population. “Phys- 
iologic" calcifications are almost never seen 
under age 6 years. They are noted with in- 
creasing frequency, thereafter. 

2. Calcifications in pathologic states are 
reported with varying rates of occurrence. 
Tumors, inflammatory disease and some 
vascular abnormalities account for the ma- 
jority. 

3. The morphology and location of in- 
tracranial calcifications can suggest a pos- 
sible diagnosis but variations are too great 
to be unequivocal; a likely differential 
diagnosis is possible, however. 

4. A clinical approach to the patient 
should include consideration of the findings 
of calcifications but that finding alone 
should not stimulate exhaustive studies. 


Pediatric Radiology 

Michael Reese Medical Center 
29th and Ellis Avenues 
Chicago, Illinois 60616 


The author is indebted to the personnel 
of the Michael Reese Dysfunctioning Child 
Center, and Dr. Joseph Norfray for their 
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Carter for all her typing excellence. 
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INCIDENCE OF NORMAL PINEAL GLAND 
CALCIFICATION IN SKULL ROENTGENOGRAMS 
OF BLACK AND WHITE AMERICANS* 


By ADELOLA ADELOYE, M.B., B.S., M.R.C.P., F.R.C.S,t and BENJAMIN FELSON, M.D.i 


CINCINNATI, OHIO 


Er pineal gland calcification, 
which was reported in autopsy speci- 
mens about 300 years ago, was first de- 
scribed in the plain skull roentgenogram in 
1g18 by Schüller, who remarked that the 
gland "very often shows a calcium deposit 
from the third decade and occasionally 
even in children." 

Subsequent workers confirmed Schüller's 
observation and established the infiuence 
of age on the incidence of pineal glanc cal- 
cifcation.®:7:3.17.18 From a summary of sev- 
erz] of these works, the estimated fre- 
quency of pineal shadow was found to be 2 
per cent in those 3 to 12 years of age; 46 
per cent from 13 to 40; and 69 per cent 
after the age of 40.” All the above studies 
were carried out mainly in Caucasians, and 
racial differences were not mentioned. 

In recent years, a much lower incidence 
of pineal gland calcification has been re- 
ported in other races: 9.9 per cent in Jap- 
anese; 15.6 per cent in Fijians;! and 15-24 
per cent among Indians.!^? In Africa, one 
cf the first hints of a low incidence of 
pineal shadow was made by Odeku and 
anota! in their study of brain tumors at 
the University College Hospital, Ibadan, 
Nigeria. They mentioned a surprising 
rarity of calcified pineal gland on skull 
roentgenograms in West Africans. At the 
same hospital, where an average of about 
2,000 skull roentgenographic examinations 
are made every year, Adeloye and Odeku? 
encountered less than 10 cases of roentgeno- 
legically visible calcified pineal gland in the 
neurosurgery unit during a period of 10 
years. These impressions have been con- 
firmed by Daramola and Olowu, who, in 


their study of 952 skull roentgenograms 
obtained in Nigerians in Lagos, found a 
calcified pineal shadow in 5 per cent. In 
East Africa, Murphy,” a radiologist at 
the Mulago Hospital in Kampala, Uganda, 
found only 2 examples of calcified pineal 
gland in a series of 100 consecutive skull 
examinations obtained from 88 East Afri- 
cans, 9 Asians, and 3 Europeans between 
17 and 62 years of age. Although he did not 
identify the racial origin of the 2 patients, 
any mode of mathematical manipulation 
would still make the incidence of pineal 
gland calcification remarkably low in the 
East African. 

Pineal gland calcification 1s not neces- 
sarily indicative of pineal gland atrophy, 
at least by biochemical and histologic evi- 
dence.? A recent pathologic study showed 
that microscopic pineal gland calcification 
occurs in Nigerian Africans in every decade 
from the first to the ninth.? The paradox- 
ical raritv of gross, roentgenographically 
visible pineal gland calcification remains 
unexplained. 

The purpose of the present study is to 
compare the incidence of the calcified 
pineal gland shadow between black and 
white populations living in a similar en- 
vironment, to determine if there 1s truly a 
lower incidence of visible pineal gland cal- 
cification among blacks and if so, to seek an 
explanation for it. 


MATERIAL AND METHOD 


Five hundred consecutive normal plain 
skull roentgenographic examinations per- 
formed on patients in the Emergency Room 
of the Cincinnati General Hospital between 


* From the Departments of Surgery and Radiology, Cincinnati General Hospital, Cincinnati, Ohio. 

+ Rockefeller Fellow, Children's Hospital Research Foundation, University of Cincinnati, Cincinnati, Ohio. Present Address: Pro- 
fessor of Neurological Surgery, University of Ibadan, Ibadan, Nigeria. 

t Professor of Radiology, Cincinnati General Hospital, University of Cincinnati College of Medicine, Cincinnati, Ohio. 
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February and May 1973 provided the ma- 
terial for this study. 

There were 300 blacks and 200 whites in 
the series; of the blacks, 162 were males 
and 138 females; 127 males and 73 females 
comprised the white group. The age, sex, 
and racial distribution of the patients is 
shown in Table 1. 

The Cincinnati General Hospital is a 691 
bed teaching hospital in which all the med- 
ical specialties are represented. Patients 
in the humbler categories of the socio- 
economic stratum of the population pre- 
dominate among the patients of this hos- 
pital. Most patients in the city of Cincin- 
nati who require emergency care are taken 
to the General Hospital. 

Three standard views of the skull were 
routinely obtained: lateral; anteroposterior 
(Towne); and posteroanterior. In view of 
the frequent inability of these patients to 
cooperate, a number of films were less than 
optimal. Patients with technically inade- 
quate films were rejected from the series. 
If the lateral projection was of good qual- 
ity, however, the patient was included. If 
anything, then, the prevalence of visible 
pineal calcification was slightly under- 
estimated. 

The pineal shadow was recorded as 
visible when seen either on the lateral or one 
of the frontal projections. Calcification in 
the falx cerebri and choroid plexus was 
also recorded. Habenular calcification, 
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when recognized, was tabulated separately 
and 1s not included in the pineal statistics. 
Skull thickness was also recorded on all the 
roentgenograms used in this series. These 
will form the basis of a separate report.! 


FINDINGS 


Of the 500 patients in the entire series, 
61 (12.2 per cent) showed a calcified pineal 
gland (Table 1). None of the 125 patients 
in the irst decade of life showed pineal 
gland calcification. 


RACIAL VARIATION 


There were 29 blacks and 32 whites with 
a calcited pineal gland shadow—a racial 
incidence of 9.7 and 16.0 per cent, respec- 
tively. “he ratio of visible pineal shadow in 
white and black Americans is thus about 
1.6 to I, a difference which is statistically 
significant (chi square, 4.49; p <.0S). 

This racial difference is also seen if the 
compar sons are limited to adult age 
groups: 16.1 per cent of the blacks and 
26.4 pe cent of the whites from the third 
decade on. 


AGE 


The youngest black with a calcified 
pineal shadow was a boy of 16; the young- 
est white was a woman of 21. Among both 
blacks and whites, the frequency of calci- 
fied pineal gland shadow increased with 
age, but this was more striking among 


TABLE I 


AGE, SEX, AND RACIAL INCIDENCE OF PINEAL CALCIFICATION 





























Age Groups (yr.) Under 10} 10-19 
Sex MIF |M/F 
No. of black subjects 5I | 33 | 28 | 20 
No. with calcified pineal 
gland 0|0]| 2| o 
No. of white subjects 36 | 1$1 35 | 34 
No. with calcified pineal 
gland ól ol 6l 6 





40749 50-59 
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TasLE II 
RACE AND AGE DISTRIBUTION OF CALCIFIED PINEAL GLAND 
Black Subjects White Subiects 
Age (yr.) 1 Calcified Pineal Glands . Calcified Pineal Glands 
No. of No. of 
Subjects No. Per cent Subjects No. Per cent 
Under 10 84 O O 41 O O 
IO-I9 48 2 4.2 38 O O 
20-29 59 9 I5. 43 3 Fi 
30-39 3 2 6,9 24 5 20.8 
40-49 30 5 16.7 26 30.8 
50-59 16 2 12:8 13 6 46.2 
60-69 17 3 17.4 II 9 SEIS 
70+ 16 6 37.8 4 I 26.0 
Total 300 29 9.8 200 32 | 16.0 











whites (Table 11). Under the age of 40, a cal- 
cified pineal gland was encountered with 
mcre or less equal frequency among black 
and white populations; thereafter, the pre- 
dominance among whites was clearly shown 
(Table 111). It was also noted that the cal- 
cifications were generally larger and more 
inclined to be multiple in the older patients. 


SEX 


Among the blacks, the pineal shadow 
was visible in 15 (9.3 per cent) of the 162 
males and 14 (10.1 per cent) of the 138 
females. The sex ratio of the patients with 
caleified pineal gland did not appear to be 
influenced by age. Among the whites, 
pineal gland calcification was seen in 21 
(16.5 per cent) of the 127 males and in 11 
(15.1 per cent) of the 73 females. Thus, no 
sigrificant sex differences in incidence d 
pineal gland calcification were found i 
either the whites or blacks. Beyond age » 
in the white group, pineal gland calcifica- 
tion was seen in 47 per cent of the males 
and 38 per cent of the females. Correspend- 
ing figures among the blacks were 15 and 
24 per cent, respectively. 


OTHER INTRACRANIAL CALCIFICATIONS 


A striking preponderance of calcified 
falx cerebri was noted in the blacks. There 
were 32 examples (16 per cent), with 18 
females and 14 males. In the whites, enly 


6 instances of this were seen (3 per cent), 
3 in men and 3 in women. Choroid plexus 
calcification was found in 7 blacks (4 men 
and 3 women) aged 40 to 70, and in 4 white 
men between 24 and 60. There were 6 
examples of Aabenular calcification, with 
equal racial distribution. 


DISCUSSION 


In addition to its racial aspects, this 
study provides an opportunity to take an- 
other look at some of the viewpoints con- 
cerning the calcified pineal shadow that 
have been discussed in the literature. One 
of these is the increase 1n incidence of cal- 
cification with age. Our percentage age 
figures shown in Table u agree fairly 
closely with those which Wurtman et al.” 
constructed from the several studies com- 
piled earlier by Kitay and Altschule.” The 
age effect was maintained up to age 70, 
after which most series (including ours) 
were limited by the paucity of subjects. Al- 
most all reports indicate that the pineal 


TABLE III 


PERCENTAGE INCIDENCE OF PINEAL SHADOW 
IN BLACK AND WHITE SUBJECTS 


Age Groups (yr.) Black Subjects White Subjects 


IO-Ig 4.2 O 
20-39 12.4 LIO 
20.3 44.4 


Over 49 
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shadow can be seen as early as the second 
decade of life. Its occurrence in the first 
decade is quite rare.” ° 

Most reports on calcified pineal gland 
have underlined a male preponderance. 
Vastine and Kinney!? found that in every 
decade from the second on, males pre- 
dominated, with an over-all incidence of 
58 per cent. Dyke® reported a male inci- 
dence of 54 per cent. A higher male inci- 
dence was also found among the Japanese’ 
and Indians," whereas among Fijians" 
and Nigerians in Lagos, slightly more fe- 
males were found to have calcified pineal 
glands. The sex distribution was about 
even in the present study. 

The incidence of pineal gland calcifica- 
tion in our series is not as high as that re- 
ported in the literature. Our over-all inci- 
dence was 12.2 per cent. Over the age of 20 
we found an incidence of 20.4 per cent. In 
studies reported before 1940, the incidence 
varled between 33 and 76 per cent among 
subjects of all ages; in persons over 20, the 
incidence was found to be about 60 per 
cent.®19.13.17.18 Wakeley!? predicted that this 
percentage would rise even higher with im- 
proved techniques in radiology. The high 
figures recorded in these early studies might 
be explained in part by inclusion of habenu- 
lar calcification, but the contribution of this 
factor must have been small, judging by 
the fact that we found only 6 examples 
among 500 subjects. The inconsistency is 
more likely the result of differences in age 
range. Many of our patients were under 20, 
an age group in which the incidence of 
pineal gland calcification is known to be 
low. Thus, two-thirds were in the first 3 
decades as compared with one-third in the 
series of Vastine and Kinney!? and of 
Dyke;? 25 per cent of our patients were be- 
low the age of 10, in striking contrast to 
I.5 per cent in the series of Vastine and 
Kinney and 6.5 per cent in the series of 
Dyke. However, decade by decade, our 
figures are clearly lower than theirs. 

The most interesting aspect of this study 
Is the significant difference in the frequency 
of pineal gland calcification between black 
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and white Americans. This observation has 
not been made before. The subjects in our 
study were all Americans who live under 
similar environmental conditions and who 
belong to more or less comparable socio- 
economic groups. Thus, environmental 
factors are probably not as important as 
constitutional ones in explaining the differ- 
ences noted. We have not explored the bio- 
chemical factors which might control cal- 
cification in our patients (e.g., serum cal- 
cium, phosphorus, and protein). In a few 
patients so examined in their Nigerian 
serles, Daramola and Olowu? found that 
these values were normal. 

An intriguing possibility has been raised 
that might relate to the racial differences in 
pineal gland calcification. Melatonin, the 
most potent skin lightening agent presently 
known, is elaborated only by the pineal 
gland.* Increase in daylight inhibits mela- 
tonin synthesis, while a decrease of light 
has the opposite effect.?? Could increase in 
this hormone in the pineal gland be related 
to calcrum formation in that organ as well 
as to the whiteness of the human skin? 

When our figures are compared with 
those obtained among Africans living in 
Uganda? and in Lagos, Nigeria,? it is seen 
that the incidence of pineal gland calcifica- 
tion is higher in the American black than 
in the indigenous African. Since the Ameri- 
can black and the African indigen are eth- 
nologically related, it seems reasonable to 
look toward environmental factors to ex- 
plain the difference in the incidence of cal- 
cified pineal shadow between them. Per- 
haps the better nutritional status of the 
American black accounts in some way for 
the discrepancy. Another possibility is the 
difference in age distribution between the 
2 groups. In Nigeria today, as in most 
African countries, a considerable propor- 
tion of hospital patients are children and 
young people; older patients habitually 
shun the hospitals. Since age groups are 
not mentioned in Murphy's East African 
series,” this might weight his figures, but 
could hardly account for the 2 per cent 
level. On the other hand, age by decades 
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was recorded in the Nigerian seres of 
Daramola and Olowu, and their age group- 
ings were similar to our own. 

It thus appears that possibly the most 
important factor of all that might explain 
these differences is neither environmental 
nor socioeconomic. One wonders how black 
the American black of today really is. 
Racial admixture has probably created 
constitutional differences between the 
American black and his African cousin, of 
which a discrepancy in the inciderce of 
pineal gland calcification is perhaps an 
expression. 


SUMMARY 


The incidence of roentgenologically visi- 
ble pineal gland calcification is aporoxi- 
mately twice as common in American 
whites as in blacks, a difference that is very 
striking after age 40. Comparison ef this 
finding with reports in the literature shows 
that the incidence of pineal gland caleifica- 
tion is slightly higher in American Elacks 
than in indigenous Africans, probab! 7 due 
tc racial mixture among the American 
blacks we studied. 

It appears that the low incidence cf cal- 
cified pineal shadow already observed in 
the African has a constitutional basis. 


Benjamin Felson, M.D. 
Department of Radiology 
Cincinnati General Hospital 
Cincinnati, Ohio 45229 
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CO-EXISTING PITUITARY ADENOMA AND 
INTRASELLAR ARACHNOID INVAGINATION* 


By TUDOR J. SUTTON, M.D., F.R.C.P. (C), and JEAN L. VEZINA, 


P.Q., CANADA 


MONTREAL, 


LTHOUGH thereis anincreasing aware- 
ness in the literature of the existence of 
intrasellar arachnoid invagination ("empty" 
sella), no report has appeared concerning its 
specific relationship to intrasellar tumors. 
We propose to contribute our experience 
of pituitary tumors associated with an 
empty sella and present the import of this 
finding. 


MATERIAL AND METHOD 


In the last 5 years we have observed 3 
patients who presented sellar modifications, 
and clinical or endocrinologic findings 
indicative of a pituitary tumor. None of 
these patients had previous surgical or ra- 
diation treatment. At pneumoencephalog- 
raphy, including lateral tomography, an 
unexpected subarachnoid invagination into 
the sella turcica was demonstrated (Fig. 
1; 2, 4 and B; and 3). 

Their clinical features, namely an acro- 
megalic syndrome in 2 patients and 
amenorrhea-galactorrhea syndrome in 1: 
(Table 1), still forced us to consider the sur- 
prising co- existence of a pituitary tumor 
with the "empty" sella. For this reason, 
trans-sphenoidal surgical exploration of the 
sella was performed and in all cases this 
co-existence was confirmed. 


DISCUSSION 


Numerous reports of “empty” sella have 
appeared since the initial pathologic de- 
scription by Busch in 1951,” and the subse- 
quent radiologic demonstration.” 

Nearly all articles give accounts of an 
“empty” sella occurring possibly either 
after pituitary surgery or radiother- 
apy.^5 51^ [n these cases the surgically 
created vacuum or the necrotic shrinking 


M.D., F.R.C.P. (C) 





I. Pneumoencephalogram, brow-up lateral pro- 
jection, of an untreated acromegalic patient show- 
ing enlargement of the sella and co-existence of a 
pituitary adenoma and an intrasellar subarachnoid 
invagimation. 


FIG. 


of the tumor induced by radiotherapy al- 
low subarachnoid invagination into the 
sella turcica through a patent diaphragma 
sellae. 

On tne other hand, the co-existence of 
this cendition with untreated pituitary 
adenomas has not been emphasized. Only 
5 patients with untreated pituitary ade- 
noma ¿nd associated “empty” sella have 
been reported." *:? Four of these cases were 
demonstrated roentgenologically, the fifth 
being proven at autopsy. 

We can offer no definite explanation for 
this association in untreated cases. It may 
well be, as Kaufman and Chamberlain’ 
suggest, that the frequency of “empty” 
sellae is great enough in the adult popula- 
tion so they can be found in association or 
concomitantly with many disease states. 
An equally valid explanation may be the 
shrinkege of the tumor following spontane- 
ous apoplexy,! with subsequent aspiration 


* From The Department of Neuroradiology, Notre Dame Hospital, and the University of Montreal, Montreal, P.Q., Canada. 
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Fic. 2. (4) Lateral roentgenogram of the skull showing enlargement of the sella, marked thickening of the 
cranial vault, prominent external occipital protuberance and hypertrophy of the paranasal sinuses. (B) 
Lateral pneumoencephalotomogram, brow-up projection, revealing large arachnoidocele coexisting with 


shrunken pituitary gland. 


of the subarachnoid space into the sella 
through an incompetent diaphragm. This 
apoplexy need not necessarily compromise 
the hormonal function of a secreting 
pituitary adenoma as is shown in 2 of our 
patients. Therefore, in the presence of 
endocrinologic abnormalities, the finding 
of an empty sella during pneumoencepha- 
lography 1n an untreated patient must not 


lead one to invariably exclude an under- 
lying pituitary adenoma. 


CONCLUSION 


If an untreated patient presents a clin- 
ical synd-ome suggesting a secreting pitul- 
tary tumor, the finding of an “empty” sella 
at pneumoencephalography must not lead 
one to conclude to the invariable absence of 


TABLE | 


SUMMARY OF 3 CASES 




















Clinical Findings 


Surgical Findings 








| Active acromegaly for more than 4 years. 
A.L.—M Age 45 | Serum prolactin (PRL): 31 ng./ml. No | a 
| 


Large pituitary adenoma, co-existing with 
sizeable subarachnoid invagination. 








yr. Fig. 7 previous radiotherapy or surgery | Selective total removal of the adenoma. 
Histology: typical acidophilic cells 
I] Rhinorrhea. Arrested acromegaly—char- | Large arachnoid invagination occupying 


A.R.—F Age 26 yr.| 
Fig.2, dand B | 


radiotherapy or surgery 


acteristic facies, large hands. No previous 


rearly entirely the sellar cavity and erod- 
| lag its floor with rupture into the sphenoid 
snus 





III | Amenorrhea and galactorrhea for 6 years. 
One previous pregnancy. Elevated serum 


D.C.—F Age 26 vr. 
Fig. 3 | prolactin (PRL: 105 ng./ml.) 








t mm. pituitary cystic adenoma, selectively 
«nd totally removed with preservation of 
the normal hypophyseal tissue 
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Fic. 3. Pneumoencephalotomogram, lateral brow-up 
projection. Air-filled chiasmatic cistern, outlining 
the optic chiasm and showing intrasellar invagina- 
tion of the subarachnoid space, ballooning of the 
sella, undercutting of the tuberculum, and thinned 
cortex. 


an associated pituitary adenoma, since the 
subarachnoid invagination is not respon- 
sible for the endocrinologic manifestations. 


Jean L. Vezina, M.D. 
Department of Radiologv 
Notre Dame Hospital 
1560 Sherbrooke Street 
Montreal, P.Q., Canada 
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ANGIOGRAPHIC DIAGNOSIS OF A GIANT 
THIRD VENTRICLE* 


INVERSION OF THE VENOOS ANGLE 


By GEORGE M. McCORD, M.D., JOHN A. GOREE, M.D., 
and JOEN P. JIMENEZ, M.D. 


DUREAM, NORTH CAROLINA 


ASONG SS in the configurat:on of 
the striothalamic-internal cerebral vein 
junction, the venous angle of Krayerbühl, 
are valuable in the localization of intra- 
cranial mass lesions. The significance of 
displacement, opening, and closing of this 
region is well known.*? An inverted venous 
angle is an unusual angiographic finding 
and has received little attention in the 
roentgenologic literature. 

The purpose of this paper is to describe 
this angiographic abnormality and to dis- 
cuss its pathologic significance. 


REPORT OF CASES 


CasE 1. Agenests of the corpus callosum (Fig. 
1, A-D). A 5 year old male presented with head- 
ache and lethargy. A right carotid artericgram 
demonstrated a mass of the right cerebral 
hemisphere. The pericallosal artery and the 
internal cerebral vein were at the same level 
and the normal curve of the pericallosa! artery 
above the genu of the corpus callosum was 
absent (Fig. 1, Æ and B). The striothalamic 
vein entered the internal cerebral vein from 
below forming an inverted venous angle (Fig. 
1B). Pneumoencephalography (Fig. 1, C and 
D) revealed separation of the lateral ventricles 
and a large third ventricle which exter ded 
dorsally between the lateral ventricles. There 
was also a cystic hemispheric mass which com- 
municated with the right lateral ventricle. 
Agenesis of the corpus callosum and a poren- 
cephalic cyst were confirmed at surgery. 


Case 11. Cystic dilatation of the third ventricle 
associated with benign aqueductal stenosis (Fig. 
2, A-E). A 10 year old male presented with a 
history of increasing seizures, mental retarda- 
tion, headache and mild gait disturbances. A 
left carotid arteriogram revealed a hydro- 
cephalic sweep of the pericallosal artery ‘Fig. 


24). The internal cerebral vein was flattened 
and tae striothalamic vein formed an inverted 
venous argle (Fig. 2B). The internal cerebral 
vein vas not as inferiorly displaced as might be 
expected with marked hydrocephalus. In the 
frontal projection (Fig. 2C), the striothalamic 
vein reflected ventricular dilatation. The 
medial hzlf of this vein coursed upward to 
enter the internal cerebral vein. Ventriculog- 
raphy (Fiz. 2, D and E) demonstrated a giant 
third ventricle which extended cephalad with 
its roof a»ove the foramen of Monro. Subse- 
quent roentgenograms revealed benign aque- 
ductal stenosis. 


Case ut. Cholesteatoma of the third ventricle 
(Fig. 3, 4-D). A 40 year old male was evaluated 
for severa years of deteriorating mental func- 
tion. A right carotid arteriogram demonstrated 
hydrocephalus (Fig. 377). The internal cerebral 
vein was bowed upward and the striothalamic 
vein entered this vessel from below, forming an 
inverted venous angle (Fig. 32). 

Vencriculography revealed a large cholestea- 
toma of tae third ventricle. The roof of this 
structure was markedly elevated above the 
level of the foramen of Monro (Fig. 3D). The 
classic “cauliflower” appearance was present 
with irregular margins and deep fissures (Fig. 3, 
C and D). The diagnosis was confirmed at 
surgerv. 


DISCUSSION 


The venous angle is formed at the junc- 
tion o* the internal cerebral vein and the 
striothalamic vein. Unless there is an 
anomalous deep venous system, this angle 
demonstrates the location of the foramen 
of Moaro. The internal cerebral vein runs 
posteriorly from the foramen of Monro in 
the tea choroidea of the third ventricle. 
The striothalamic vein extends anteriorly 


* From the Department of Radiology, Duke University Medical Center, Durhem, North Carolina. 
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Fic. 1. Case 1. Agenesis of the corpus callosum with porencephalt - cyst. 


(4) Carotid angiogram. The pericallosal artery lacks the normal curve around the genu of the corpus 
callosum (arrows). (B) Venous phase, lateral angioautotomogram. The striothalamic vein (long arrow) 
enters the internal cerebral vein (medium arrow) from be ^w, forming an inverted venous angle (short 
arrow). (C) Pneumoencephalogram, anteroposterior proJeczon. The third ventricle (arrow) extends dor- 
sally between the separated lateral ventricles. There is a rmdline shift produced by a porencephalic cyst 
which communicates with the right lateral ventricle. (D) Pr :umoencephalogram, lateral projection. The 
third ventricle is enlarged and its roof (arrows) is above the evel of the foramen of Monro. 


in the groove between the thalamus and 
the caudate nucleus. It crosses the floor of 
the lateral ventricle, passes through the 
interventricular foramen, and enters the 
internal cerebral vein? This classic de- 
scription is illustrated in Figure 4.7. 

A review of the roentgenologic literature 
reveals little on the significance of an in- 
verted venous’ angle. Wolf et. al!” de- 
scribed “‘reversal” of the relationship be- 
tween the striothalamic vein and the in- 
ternal cerebral vein in a third ventricular 
tumor of unspecified type. Larsen? illus- 


trated this abnormality in agenesis of the 
corpus callosum. He stated that this could 
only occur “with separation of the lateral 
vent3cles as seen with agenesis of the 
corpus callosum.” 

Aceaesis of the corpus callosum may 
vary from a small defect to complete ab- 
sence of the corpus callosum and related 
midl me structure.’ This is reflected ana- 
tomiz-lly, and at pneumoencephalography, 
as separation of the lateral ventricles with 
extension of the third ventricle upwards. 
There may also be angular dorsal margins 
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Frs. 2. Case 11. Cystic dilatation of the third ventricle associated with benign aqueductal stenosis. 

(4) Carotid angiogram. There is a hydrecephalic sweep of the pericallosal artery (arrows). (B) Venous 
phase, lateral angioautotomogram. The stricthalamic vein (long arrow) enters the internal cerebral vein 
‘medium arrow) from below, forming an inverted venous angle (short arrow). (C) Venous phase, frontal 
projection. The striothalamic vein (long arrow) reflects hydrocephalus. Medially, it courses upward (short 
arrow) to enter the internal cerebral vein (medium arrow) from below. (D) Ventriculogram, frontal projec- 
tion. There is a giant third ventricle (arrows) extending between the dilated lateral ventricles. (E) Ventri- 
culogram, lateral projection. The roof of the giant third ventricle (arrows) extends above the level of the 


foramen of Monro. 


ef the lateral ventricle and concave medial 
walls.! 

The angiographic features of agenesis of 
*he corpus callosum have been discussed by 
numerous authors.?5681 The most im- 
portant diagnostic change is the reduced 
distance between the pericallosal artery 
and the internal cerebral vein. This reflects 
the absence of the corpus callosum. There 
may be an inverted venous angle, and the 
pericallosal artery may lose its normal curve 
cround the genu of the corpus callosum. 
These changes are present in Case 1. The 
inverted venous angle is formed because 


the roof of the third ventricle is above the 
foramen of Monro, and the striothalamic 
vein must course upward to join the in- 
ternal cerebral vein (Fig. 4B). 

A similar situation is present in the other 
cases presented here. In both instances, 
the third ventricle is enlarged, and its roof 
is above the level of the foramen of Monro 
(Fig. 4C). Both pathologic processes are 
congenital and have resulted in a defect of 
the midline structures which allows eleva- 
tion of the roof of the third ventricle. 

Tumors of the third ventricle usually 
obstruct the ventricular system before they 
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Fic. 3. Case 111. Cholesteatoma of the third ventricle. 

(4) Carotid angiogram. There is a hydrocephalic sweep of the pericallosal artery (arrows). (B) Venous 

phase, lateral projection. The internal cerebral vein is bowed upwards (upper arrow). The venous angle 

is reversed (short arrow) as the striothalamic vein (long arrow) enters from below. (C) Ventriculogram, 

frontal projection. The lateral ventricles are dilated. A caulif ower like mass fills the third ventricle (arrows) 

and extends into the lateral ventricle. (D) Ventriculogram, ateral projection. The enlarged third ventricle 
is filled with tumor and its roof (arrows) is elevated well abowe the level of the foramen of Monro. 


are large enough to elevate the roof. A 
cholesteatoma can grow to a considerable 
size without complete obstruction, due to 
its irregular surface and deep fissures which 
allow escape of cerebrospinal fluid. 

A review of our experience with colloid 
cyst of the third ventricle did not reveal an 
inverted venous angle. The largest cyst 
measured 41 cm. in diameter, but did not 
elevate the roof of the third ventricle be- 


cause it protruded through the foramen of 
Monrc. However, due to the chronic inter- 
mittent obstruction of the ventricular sys- 
tem, its developmental origin and the occa- 
sional large dimensions of a colloid cyst, an 
inverted venous angle could conceivably be 
produced by this lesion. 

Sup-asellar tumors are remote from the 
venous angle, and if thev produce a change 
on this structure, it is usually displacement 
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of the entire complex. Hydrocephalus pro- 
duces flattening of the internal cerebral 
vein, while the striothalamic vein is 
stretched superiorly and laterally. 

If an inverted venous angle is discovered 
at cerebral angiography, the abnormality 
is almost certainly congenital. Only a de- 
velopmental process can produce the detect 
in the midline structures that allows sig- 
nificant elevation of the third ventricle. A 
giant third ventricle is present which may 
be on the basis of agenesis of the corpus 
callosum, a congenital neoplasm, or some 
cther developmental abnormality. 

If the internal cerebral vein and the 
pericallosal artery are at the same level in 
the lateral projection, and the anterior 
cerebral artery does not show a normal 
curve around the genu of the corpus cal- 
lesum, the diagnosis of agenesis of the 
corpus callosum is certain. 

If there is a hydrocephalic curve of the 
pericallosal artery, or there is some dis- 
tance between the pericallosal artery and 
the internal vein, ventriculography will be 
required to determine the etiology of the 
giant third ventricle. A congenital third 
ventricle tumor or cystic dilatation of the 
third ventricle will almost certainly be 
present. 


CONCLUSION 


The angiographic sign of an inverted 
venous angle indicates the presence of a 
congenital abnormality involving the third 
ventricle. This is commonly seen in agenesis 
of the corpus callosum. 

An associated hydrocephalic sweep of the 
pericallosal artery indicates the presence of 
a primary congenital lesion of the third 
ventricle. 


Jehn A. Goree, M.D. 
Department of Radiology 

Box 3808 

Duke University Medical Center 
Durham, North Carolina 27710 
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Fic. 4. Drawings to illustrate the relationship of the 
striothalamic-internal cerebral veins to the ventricular 
system. Tae lateral ventricles are shaded with 
small dots and the third ventricle is in fine stipple. 

(4) Normal. The striothalamic vein enters the 
internal cerebral vein from above forming a nor- 
mal venous angle. The internal cerebral vein 
courses pcsteriorly in the roof of the third ven- 
tricle. (B) Agenesis of the corpus callosum. The 
lateral vertricles are separated and the large third 
ventricle extends upwards. The internal cerebral 
vein is elevated above the foramen of Monro and 
the striothalamic vein courses upward to form an 
inverted venous angle. (C) Giant third ventricle. 
This coulc be on the basis of cystic dilatation of 
the thard ventricle (Case 11) or obstruction due to 
a cholesteatoma (Case 111). The third ventricle is 
enlarged and extends upwards, elevating the in- 
ternal cerebral vein. The striothalamic vein enters 
from below forming an inverted venous angle. 
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DOUBLE MIDLINE INTRACRANIAL ATYPICAL 
TERATOMAS* 


A RECOGNIZABLE NEUROENDOCRINOLOGIC SYNDROME 


By LEONARD E. SWISCHUK, M.D.,f and R. NICK BRYAN, M.D.1 


GALVESTON, TEXAS 


HE simultaneous occurrence of 2 mid- 

line intracranial atypical teratomas 
and their attending neuroendocrinologic 
syndrome is not widely appreciated. How- 
ever, the typical clinicoroentgenogrzphic 
findings virtually assure the diagnosis, and 
indeed, allow treatment without surgical 
exploration or histologic confirmation .of 
the tumor. 

Four patients with remarkably similar 
clinical and roentgenographic findings, and 
a review of the literature are presented in 
this report. 


REPORT OF CASES 


Case 1. R.D. A 13 year old male noticed in- 
creased thirst for 2 months and nausea and 
vomiting for 2 weeks prior to his admissicn to 
our hospital in September, 1969. He also had 
nocturia (3 to 4 times a night) and had noticed 
that his urine was pale. Physical examination, 
including neurologic and ophthalmologic ex- 
aminations, were negative. Laboratory studies 
revealed neurogenic diabetes insipidus and 
panhypopituitarism. 

An electroencephalogram (EEG) and brain 
scan were normal, but plain skull roentgeno- 
grams showed a small, midline calcification in 
the area of the pineal gland (Fig. 1). A positive 
contrast ventriculogram revealed a mass de- 
forming the anterior third ventricle (Fig. 2). 
The appearance and location of this lesion led 
to a presumptive diagnosis of craniopharyngi- 
oma. A smaller mass surrounding the pineal 
calcification was also noted (Fig. 2), but the 
possibility that it represented a second lesion 
was not universally entertained. Consequently 
an anterior cranlotomy was performed and as 
much as possible of the anterior lesion was 
removed. It was encapsulated and located pos- 
terior and inferior to the optic chiasm and 
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Fic. 1. Case 1. Note pineal calcification (arrow) on 
this postoperative roentgenogram which demon- 
strated the calcification to better advantage than 
did the preoperative roentgenogram. In frontal 
view the calcification was in the midline. 


below the hypothalamus. Histologic diagnosis 
was craniopharyngioma. 

Following surgery the patient was main- 
tained on pitressin and other replacement ther- 
apy for his panhypopituitarism. One year after 
surgery, however, he developed blurred vision, 
and physical examination revealed paralysis of 
upward gaze (Parinaud’s syndrome), pupils 
nonreactive to light, and a right upper outer 
quadrant field defect. A brain scan showed an 
area of increased tracer activity in the region of 
the pineal gland, and a ventriculogram demon- 
strated a large mass in this area (Fig. 3). The 
third ventricle was grossly deformed and the 
aqueduct obstructed. A presumptive diagnosis 
of pinealoma was made and the tumor was 
treated with radiation therapy (4,000 r). After 
treatment the patient improved and his visual 
findings returned to normal. 


* Presented at the Sixteenth Annual Meeting of the Society for Pediatric Radiology, Montreal, P.Q., September, 23-24, 1973. 
From the Departments of Radiology and Pediatrics, University of Texas Medical Branch, Galveston, Texas. 


t Professor of Radiology and Pediatrics. 


t Presently Fellow in Neuroradiology, New York Neurolegic Institute, New York, New York. 


517 


Fic. 2. Case 1. Positive contrast ventriculogram 
demonstrates the larger anterior tumor (1) and 
the small, almost inconspicuous, posterior tumor 
(2). Both tumors protrude into the third ventricle. 
Note that the anterior lesion is suprasellar, but 
also somewhat posterior in position. 





The patient did well for approximately 
another year but then returned with weakness 
and paresthesias of his lower extremities. 
Eventually, this progressed to involve his trunk 
and upper extremities. A lumbar puncture 
demonstrated a cerebrospinal fluid protein con- 
tent of 206 gm. per cent, and cytologic exami- 
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Fic. 3. Case 1. Note how large the posterior lesion has 
become I year after initial treatment and how it 
completely deforms the posterior third ventricle 
and lateral ventricles. The aqueduct is also de- 
formed and obstructed and hydrocephalus is 
present. Note that the anterior lesion, although 
still present, is smaller. 
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nation of the cerebrospinal fluid showed neo- 
plastic cells. These were judged to be of epi- 
thelial crigin, and because of this, tissue from 
the original anterior third ventricular lesion 
was re-examined. The tumor was then reclassi- 
fied as "atypical teratoma” and the abnormal 
cells im the spinal fluid were believed to be seed- 
ings from it. 

The patient expired within a few days, but 
no postmortem examination was permitted. 


Case 11. J.V. A 12 year old male had a 2 year 
history of increased water consumption and 
nocturia (3 to 4 times a night), and a 5 month 
history of lethargy, ataxia, blurred vision, and 
headache. Physical examination revealed loss 
of upward gaze (Parinaud's syndrome) and 
dilated pupils, slowly reactive to light. Papil- 
ledema was also present and laboratory tests 
led tc a diagnosis of neurogenic diabetes insipi- 
dus, but not panhypopituitarism. 

The brain scan was normal, but plain skull 
roentzenograms showed a midline calcification 
in the region of the pineal gland (Fig. 4). A 
carot d angiogram showed mild dilatation (hy- 
drocephalus) of the lateral ventricles, while a 
positive contrast ventriculogram demonstrated 
a mass deforming the anterior third ventricle 
and & s2cond, separate mass in the region of the 
pineal gland (Fig. 5). 

An enterior craniotomy was performed and 
the anterior tumor was found to extend around 
the cpzic chiasm and to invade the adjacent 





Fic. 4. Case 11. Note calcification in the region of the 
pimeal gland (arrow). This calcification was mid- 
line. The pituitary fossa 1s generous in size. 
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Fic. 5. Case 11. Positive contrast ventriculogram 
demonstrates the anterior (1) and postericr (2) 
lesions. The concave truncated deformity of the 
anterior third ventricle is similar to that seen in 
Case 1. The calcification in the center of the pos- 
terior lesion is seen again, and the posterior tumor 
is producing deformity and truncation of the pos- 
terior third ventricle and aqueduct. 


brain stem. Histologic diagnosis was atypical 
teratoma (Fig. 6). The patient was shunted 
and treated with radiation therapy (5,000 r) to 
both tumor sites. The entire neural axis was 
not prophylactically irradiated. 

Two years after the initial diagnosis the pa- 
tient, on pitressin therapy, is doing well. 


Case 11. S.L. A 12 year old male presented 
with vomiting in April, 1972. He was seen by 
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Fic. 6. Case tr. Histologic section: cd teratoma. 


Note thar the tumor is composed of cells with 
fairly abundant cytoplasm. Vacuolated cells sug- 
gest early degenerative changes. Also note the 
elongated fibrous trabeculae containing small 
lymphocytes. The findings are consistent with 
those of atypical teratoma.” (H and EX 100.) 


his family physician, who also noted that his 
urine speciic gravity was low. In September, 
1972, because of persistent difficulties, he was 
referred to our hospital, and at this time, in 
addition to the problem of vomiting, he also 
related a hastory of nocturia (2 to 3 times a 
night). Physical examination was normal, but 
laboratory tests led to a diagnosis of neurogenic 
diabetes insipidus and mild panhypopitui- 
tarism. A brain scan was normal. 

Plain skull roentgenograms showed a calcifi- 
ane in the region of the pineal gland (Fig. 7, 
4 and B), anda pneumoencephalogram dem- 
onstrated 2 tumors, one in the region of the 





Pie. 5. Case 111. (4) Note small calcification in the region of the pinzal gland (arrow). The sella is normal. 
(B) Towne's projection shows the calcification to be just to the right of the midline (arrow). 
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Fic. 8. Case mr. Pneumoencephalogram demon- 
strates both the anterior (1) and posterior (2) 
lesions. Calcification in the posterior lesion is 
noted again and the tumor has produced complete 
obliteration of the pineal and suprapineal recesses 
(arrows). In addition, there is partial compression 
of the aqueduct. The anterior lesion is producing 
a concave, truncated deformity of the third ven- 
tricle (arrows), identical to that seen in Cases 1 
and I, 


anterior third ventricle and another in the area 
of the pineal gland (Fig. 8). A presumptive 
diagnosis of atypical teratoma was made, and 
no operative procedure was attempted. 

The patient was treated with radiation ther- 
apy (5,000 r) to both lesions, and was subse- 
quently discharged on pitressin and other ap- 
propriate replacement hormonal therapy for 
his hypopituitarism. 

One year after treatment the patient is doing 
well. 


Case 1v. J.R. This case was discovered in 
our autopsy files some time after the first 3 
were studied. This 13 year old white male pre- 
sented in August, 1962, with a 1 year history 
of nocturia (5 to 6 times a night), sleeplessness, 
and weight loss. Vomiting and polydipsia were 
present for 6 months, and dizziness and stum- 
bling for 2 or 3 months. Physical examination 
demonstrated generalized weakness, pupils 
which were dilated and not reactive to light, 
and a lack of upward gaze (Parinaud's syn- 
drome). 

Roentgenograms of the skull revealed 2 
intracranial calcifications (Fig. 9). One was 
located in the region of the pineal gland, and 
the other in the suprasellar region. Unfortu- 
nately, the suprasellar calcification was missed 
on initial inspection in 1962, and on later in- 
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spections was felt to represent an area of super- 
imposed normal inner table sclerosis. A brain 
scan was also obtained at this time and was 
interpreted as normal, but in retrospect it is 
felt th-t an area of increased tracer activity 
was probably present in the suprasellar region. 

A pneumoencephalogram showed a small 
tumor mass around the pineal gland area, pro- 
truding into the third ventricle and obliterat- 
ing the pineal and suprapineal recesses (Fig. 
10). The area of the anterior third ventricle 
was not adequately visualized, but in retrospect 
the anterior recesses were felt to be somewhat 
truncated. However, at the time of the study 
the are1 of the anterior third ventricle was con- 
sidered normal and a provisional diagnosis 
of pmealoma was made. Radiation therapy 
(6,009 r over 6 weeks) was administered and 
the bey was discharged on replacement ther- 
apy for his endocrinologic deficits. 

He returned some g months later with weak- 
ness of the right arm and leg, hyperactive deep 
tendon reflexes, and bilaterally positive Babin- 
ski resvonses. At this time the brain scan re- 
vealed an area of increased uptake in the 
fronta region, just slightly to the left of mid- 
line (F g. 11, Æ and B). Radiation therapy was 
administered to this lesion, but improvement 
was only temporary. Within 4 months the pa- 
tient expired. 
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Fic. 9. Case iv. Note 2 intracranial calcifications; one 
located in the suprasellar region (1) and one in the 
regicn of the pineal gland (2). The sella is normal 
and the anterior calcification, if seen alone, could 
be taken to be that of a craniopharyngioma. The 
pineal calcification was in the midline. 
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At postmortem examination a 5 mm. pineal 
tumor, with central calcification, was identi- 
tied. No specific comment was made regarding 
the anterior tumor site, except that the pos- 
terior lobe of the pituitary gland was atrophic. 
Even at this time the presence of the anterior 
tumor seemed to elude all concerned, and yet 
on the basis of the clinical findings, plam film 
calcification, and brain scan it was clearly pres- 
ent. Radiation therapy probably contributed 
to some decrease in its size, but it is alsc pos- 
sible that the tumor was more infiltrative than 
mass-like.?° 

In the brain stem and upper cervical spinal 
cord a large tumor mass, measuring 5 cm., was 
identified. It was somewhat cystic 1n appear- 
ance, and on histologic examination was an 
atypical teratoma (Fig. 12). It was believed to 
be metastatic. The diagnosis was corroborated 
by the Armed Forces Institute of Pathology. 


DISCUSSION 


Atypical teratomas of the central ner- 
vous system most frequently occur as sin- 
gle lesions and most are located in the 
suprasellar or pineal areas.9?-111»9/* The 
occurrence of these tumors at both sites 
simultaneously is less well appreciated. 
Furthermore, the fact that they might rep- 
resent a definite neuroendocrinologic syn- 
drome has not been overly stressed, and 
indeed, when such a case is cited, it is usually 
done in passing only.3:5:18-14,16.18,20,21,26,28 

Typically these tumors occur in males 
between the ages of 5 and 25 years, ? ^*^ 
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Fic. 10. Case iv. Pneumoencephalogram demon- 
strates the posterior lesion (2) to be producing 
truncatior. and a concave deformity of the poster- 
ior third ventricle. The pineal and suprapineal 
recesses a-e obliterated. The anterior calcification 
is just vazuely identified on this study (1), but 
a discrete tumor is not seen. The anterior third 
ventricle is poorly visualized. 


and symptoms referable to either the ante- 
rior or posterior lesion may cause the pa- 
tient to seek medical attention. However, 
most ofter it is the insidious, but progress- 
ive, onset of diabetes insipidus that heralds 
the syndrome. Some patients may also 
show signs of decreased anterior pituitary 
lobe funct on, but these changes are often 
subtle.!:2:!229.25 Most often it is the gonads 
that are involved first, but the adrenal and 
thyroid glands can also be involved, and 
indeed hypoadrenalism may lead to adrenal 


Fic. 11. Case 1v. (4 and B) Brain scans obtained 5 months after imtial examination show a large area of 
increased tracer activity (arrows) in the suprasellar region. In B this area of increased activity is noted 


to lie Just to the left of midline (arrows). 
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Fic. 12. Case 1v. Histologic section: atypical tera- 
toma. Metastatic tumor in the brain stem (left 
lower corner) consists of cells with abundant 
cytoplasm and linear collections of small lympho- 
cytes which are within fibrous trabeculae. The 
findings are consistent with atypical teratoma% 
invading the brain stem. (H and EX 100.) 


crisis during pneumoencephalography or 
surgical exploration. 

Neurologic deficit is usually limited to 
findings in the eyes, and is not always 
present from the onset.?? Field deficits from 
the anterior lesion may be noted in some 
patients, while the posterior lesion may 
produce Parinaud's syndrome and loss of 
the pupillary light reflex. If the aqueduct is 
obstructed, hydrocephalus with headaches, 
lethargy, and vomiting may be noted. 

Electroencephalograms and brain scans 
are usually normal in the early stages.?° 
Calcification in the region of the pineal 
gland, however, is almost always present 
and is a most important roentgenographic 
finding. Indeed, in the presence of the 
proper clinical setting, such a calcification, 
especially in a child, should lead to the 
proper diagnosis. Calcification in the anter- 
ior lesion occurs less frequently and can be 
confused with that of craniopharyngioma. 
Sellar changes are usually absent or mini- 
mal? 

Just why these patients tend to present 
with symptoms referable to the anterior 
lesion first is not definitely known. Perhaps 
it is due to the large size of the tumor in 
some of these children. But it may also be 
that the anterior lesion tends to encroach 
upon more critical areas sooner (7.e., the 
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varion: hypothalamic-pituitary tracts and 
the hypothalamus itself). Direct extension 
or pressure upon the pituitary gland itself 
is less | kely, as most of these tumors do not 
extend into the pituitary fossa.?? 

Veatriculography or pneumoencephalog- 
raphr usually demonstrate these tumors 
best. The anterior lesion appears as a 
rounded mass projecting into the anterior 
third ventricle, while the posterior lesion 
obliterates the pineal and suprapineal re- 
cesses. and if large enough, displaces and 
obstructs the aqueduct. 

The histologic identification and classi- 
ficatien of these tumors is often contro- 
versia. and one may be presented with a 
multiplicity of terms for the same lesion 
(7.e., ectopic pinealoma, germinoma, dys- 
germi- oma, testicular dysgerminoma, sem- 
inoma etc.). However, most authorities 
cons'c2r these lesions to be atypical tera- 
tomas?—19:74,25 and concur with Russell's 
initial impressions in 1944.% Atypical 
teratcmas have long been known to me- 
tast: &ze, especially within the confines of 
the subarachnoid space,? and reported 
metzs-atic sites include the cerebellum, 
lateral ventricles, fourth ventricle, cerebral 
hem spheres, and spinal cord. However, 
when -wo intracranial lesions are seen from 
the beginning, one might justifiably ask, 
whether they need necessarily be consid- 
ered metastatic. Indeed, there is the possi- 
bility that both tumors might te separate, 
that iz, autochthonous in origin. This ques- 
tion i: of more than academic interest, for 
the postulated origin of these tumors is 
important in prescribing treatment. Un- 
fortu- ately, the problem is not completely 
reso ved, although most would favor a 
metastatic origin. 

Radiation therapy is the treatment of 
choic=, and good results can often be ob- 
tainpd.P5,667.9131416302239 I» fact, these 
tumors can be considered radiocurable.” 
Beciv_se of this, and because of the fact 
that -he anterior or posterior lesion may 
be roentgenographically elusive in the 
inita. stages, treatment to both sites is ad- 
visak e. Our Cases 1 and Iv speak to this 
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point, but the real problem is whether to 
prcphylactically treat the entire neural 
axis or to simply treat both areas of the 
thi-d ventricle. If one favors the concept 
thet the 2 tumors are autochthorous, 
radiation of the third ventricle alone 
would probably suffice. If, on the cther 
hamd, a metastatic process is invoked to 
explain the 2 tumors, it would be reason- 
abb and desirable to irradiate the entire 
nevral axis. However, even with this o-ien- 
taton, there are some who feel that such 
extensive radiation therapy 1s not alvays 
necessary, especially when there is a rega- 
tive millipore filter examination of the 
cerebrospinal fluid.? 7?! 

In terms of differential diagnosis, we 
knew of no other lesion which character- 
isttally and simultaneously occurs at 
these 2 sites, and it is for this reason that 
we feel a presumptive diagnosis of atypical 
teratoma can be made without surgical 
exploration or biopsy. Although crenio- 
pheryngiomas, gliomas, adenomas, sar- 
coidosis, etc.?? can occur at either site mdi- 
vidually, it is unusual to encounter any of 
these lesions at the 2 sites simultaneously. 


CONCLUSIONS AND SUMMARY 


Although we report only 4 cases, the 
striking similarity of clinical presentation 
anc roentgenographic findings in these cases, 
anc those reported by others, causes vs to 
strengly consider this entity a distinct 
neuroendocrinologic and roentgenographic 
syndrome. 

These patients suffer from double, »os- 
sibly simultaneously arising, atypical tera- 
tomas and may present with symptoms 
referable to one or other of the lesions. 
However, the anterior lesion usually pro- 
daces symptoms first and characteristically 
there is insidious, but progressive, onset of 
diabetes insipidus and hypopituitarism. 
The posterior lesion characteristically leads 
to zbnormal eye signs consisting of loss of 
pupillary light reflex and loss of upward 
gaze (Parinaud's syndrome). 

Ia addition, if the lesion is large enough, 
aqueduct obstruction and hydrocephalus 
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occur. The anterior lesion, if large enough, 
may encroach upon the optic nerves and 
produce visual field deficits. 


Leonard E. Swischuk, M.D. 
Department of Radiology 
University of Texas Medical Branch 
Galveston, Texas 77550 
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tation and preparation of the histologic 
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FRONTAL EPIDURAL HEMATOMA* 
THE ANGIOGRAPHIC DIAGNOSIS WITH A NEW FINDING 


Ey DAVID DEE, Jr., M.D.,,T MERLIN E. WOESNER, M.D.,1 and ISAAC SANDERS, M.D.$ 


LOS ANGELES, CALIFORNIA 


N individuals who have sustained ante- 

rior polar brain injury, the differentiation 
of brain contusion or “pulping,” subdural 
hematoma, and epidural hematoma can 
be difficult clinically and angiographi- 
cally.!-3.5.612 

It is the purpose of this presentation to 
report 2 instances of frontal head trauma 
in which an angiographic observation by 
one of us (D.D.) led to the correct precper- 
ative diagnosis of frontal epidural hema- 
tema. From our review of the literature, 
this angiographic finding has not previously 
been recorded. In both patients a posterior 
displacement of a meningeal branch of one 
of the ethmoidal arteries of the ophtha_mic 
artery system was observed. Definitive 
angiographic diagnosis led to prompt sur- 
gical exploration and evacuation of an epi- 
dural hematoma in both cases. The absence 
of displacement of this artery in a taird 
patent with otherwise similar clinical pre- 
sentation and angiographic findings con- 
tributed to a diagnosis of frontal lobe con- 
tusion, a conservative approach in clinical 
management, and complete recovery with- 
out craniotomy. 


REPORTS OF CASES 


Case 1. A r$ year old Mexican-American 
male was admitted to the White Memorial 
Medical Center following head trauma. At the 
time of admission he was lethargic, showed a 
short attention span, but did respond to com- 
mands. The right pupil was larger than the left 
and bilateral Babinski reflexes were elicited. 
Skull roentgenograms disclosed no fracture. An 
echcencephalogram (A-mode) showed a 2 mm. 
shift of the mid-line structures to the left. On 
the third hospital day he began to show some 
signs of circumorbital hematoma but the neuro- 





Fig. t Case 1. The pericallosal arteries 
are shifted 4 mm. to the left. 


logic findings remained unchanged. Because of 
neurologic stability and the initial clinical im- 
pression that the patient had sustained cere- 
bral contusion and concussion, no surgical 
intervention was instituted at that time. On 
the fifth hospital day a cerebral angiography 
was performed with imaging in the anteropos- 
terior, lateral and oblique projections. 

The cerebral angiogram revealed a 4 mm. 
shift of the »ericallosal arteries to the left (Fig. 
1), a stretching of the frontopolar branches of 
the right anterior cerebral artery on lateral 
projection (Fig. 2), and associated posterior 
displacement of the sylvian triangle and peri- 
callosal artery. In addition a posterior displace- 
ment of a meningeal branch of the right oph- 
thalmic artery system was noted (Fig. 3). The 
demonstration of this displaced vessel was sig- 
nificantly improved on a magnified subtraction 
view (Fig. 4). The right posterior oblique pro- 
jection also disclosed an avascular extra-axial 
space at the anterior pole of the right frontal 
lobe. The avascular extra-axial mantle was 
interpreted ro be an epidural hematoma rather 
than a subdural hematoma because of the 
associated displacement of the meningeal 
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Fic. 2. Case 1. There is stretching of the frontopolar 
branches of the right anterior cerebral artery with 
associated posterior displacement of the perical- 
losal artery and sylvian triangle vessels consistent 
with an anterior polar mass effect. Posterior displace- 
ment of a meningeal branch of the right ophthal- 
mic artery system is observed (open arrowheads). 





Case 1. A subtraction angiogram in the right 
posterior oblique projection reveals an avascular 
extra-axial space at the anterior pole of the right 
frontal lobe. The open arrowhead identifies the 
same meningeal branch observed in Figure 2. 


FiG. 3. 
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Fic. 4. Case 1. Magnified subtraction view better 
demonstrates the posteriorly displaced meningeal 
branch of the ophthalmic artery system (closed 
arrewheads). The vessel can be traced back to the 
ophtralmic artery and is probably a branch of the 
poste-ior ethmoidal artery. 


branch of the ophthalmic artery system. 

At surgery, a large epidural hematoma of ap- 
proxmmately 175 cc. was evacuated from the 
antericr fossa. A fracture line (not visible on 
the roentgenograms) across the distribution of 
a smal meningeal artery involving only the 
interncl table of the skull was observed. This 
was believed to be the source of the epidural 
bleecirg. 

The postoperative course was uneventful and 
the patient recovered without neurologic deficit. 


C^sz rr. A 13 year old Caucasian female was 
brouzt to the White Memorial Medical Cen- 
ter Emergency Room following an automobile 
accicent. She was stuporous and agitated and 
exhibited bilateral Babinski reflexes, but was 
able to move all extremities. She also had mul- 
tiple lacerations and abrasions about the head. 
She was admitted to the hospital for observa- 
tion and on the second day demonstrated signs 
of dec2rebration on the left side with a partial 
third cranial nerve palsy. 

B lateral carotid arteriography was per- 
formed with imaging in the anteroposterior, 
latera , and left posterior oblique projections. 
A 12 cm. round shift of the anterior cerebral 
and pericallosal arteries from left to right (Fig. 
5) was observed in the anteroposterior view. 
The lateral projection (Fig. 6) revealed pos- 
terior displacement of the pericallosal artery 
and {-ontopolar branches of the anterior cere- 
bra! zrtery as well as similar displacement of 
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Fic. 5. Case rr. There is a round shift of the anterior 
cerebral and pericallosal arteries from left to ght. 


the sylvian triangle vessels. An avascular space 
was observed to be an extra-axial mantle oa the 
left posterior oblique projection (Fig. 7). gain 
(asin Case 1) the depression, posterior disclace- 
ment and arching of a meningeal branch of the 
ophthalmic artery system, observed be:t in 
lateral projection, resulted in a definitive angi- 
ographic diagnosis of acute epidural hematoma. 

Trephines were placed in the frontal done 
anc a relatively large volume of epidural blood 
was evacuated. 

Although the patient experienced a stormy 
postoperative course and later spent some time 
in the rehabilitation unit, she exhibited vir- 





Fic. 6. Case rr. Posterior displacement of the peri- 
calosal artery and frontopolar branches cf the 
anterior cerebral artery indicates the presence of 
an anterior polar mass lesion. Closed arrowneads 
outline the course of a posteriorly displaced me- 
ningeal branch of the ophthalmic artery system. 
This vessel is traced back to the ophthalmic antery 
(open arrowhead). 
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Fic. 7. Case rr. An avascular extra-axial mantle in 
the left posterior oblique projection suggests 
either a sebdural or epidural hematoma. Because 
of the displaced meningeal branch of the oph- 
thalmic artery system (Fig. 6), a definitive angio- 
graphic diagnosis of epidural hematoma was made. 


tually no demonstrable neurologic deficits 1 
year following surgery. 


DISCUSSION 


The angiographic findings in frontal 
epidural hematoma mimic those observed 
in intracerebral hemorrhage or "pulping" 
as described by Davis and Coxe.? It is of 
interest tc note that the anteroposterior 
and lateral illustrations of our Case t are 
almost identical to many of the illustrations 
presented by those 2 authors. Others have 
stressed that additional information 1s pro- 
vided by oblique projections.* The demon- 
stration of an avascular extra-axial mantle 
provides evidence of a subdural or epidural 
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Fic. 8. Displacement of the pericallosal arteries from 
right to left was observed in a patient with cerebral 
edema in the right anterior polar aspect of the 
brain following concussion. 


hematoma, but does not differentiate well 
between these 2 diagnoses in the frontal 
area. We believe that the displacement of 
the meningeal branches of the anterior or 
posterior ethmoidal arteries of the ophthal- 
mic artery system, such as occurred in the 2 
cases presented here, may be an important 
clue favoring the diagnosis of epidural 
hematoma. Although we have not been 
afforded the opportunity as yet of testing 
this hypothesis with the absence of the 
finding in a suitable case of frontal sub- 
dural hematoma, we have noted the ab- 
sence of such displacement in a patient 
with clinical and angiographic findings of 
cerebral edema in the anterior polar as- 
pect of the brain following concussion 
(Fig. 8; and 9). In this instance the ab- 
sence of the sign supported the clinical 
decision for a conservative approach to 
management of the patient. Craniotomy 
was not performed and the patient has 
returned to the pretrauma neurologic state 
with a 1 year follow-up. 

Epidural hematoma has its difficult and 
treacherous facets clinically as well. It may 
occur following a trivial blow or a minor 
fall, resulting in a tearing away of the dura 
from the internal table of the skull? In the 
early course, the patient may seem to be 
recovering from a concussion and then 
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quite saddenly exhibit signs of deepening 
cerebral depression leading to death if not 
treatec. The mortality rate of extradural 
hematema has been reported from 27 to 50 
per cent in most series and as high as 86 
per cent in one series. In about one-third 
of th» cases of extradural hematoma, the 
pathclogy is not in the middle fossa, but in 
atypical locations including the anterior 
polar creas.’ McKissock eż a/.,° in reporting 
on 126 cases of epidural hematomas, found 
g in the frontal area. Two of the deaths in 
this series were in patients with frontal 
epidural hematoma, who had multiple bi- 
lateral exploratory trephines in the parietal 
and temporal regions without discovery 
and evacuation of the blood which was in 
the an-erior fossa. Also noteworthy is the 
fact t:at the majority of their patients 
were voung, over one-half being under the 
age cf 15 years. It can be postulated that 
one primary reason for the high mortality 
assodzted with extradural hematoma is 
that it is not infrequently missed when 
occurnng in one of the atypical sites. Frac- 
ture may involve the internal table of the 





Frc. 3. The subtraction angiogram of the same 
pat ent as in Figure 8 reveals posterior displace- 
ment of the pericallosal, frontopolar, and sylvian 
trianzle vessels. However, a meningeal branch of 
the cphthalmic artery system (closed arrowheads) 
is nət displaced posteriorly. This is probably a 
branch of the anterior ethmoidal artery and can 
be traced back to the ophthalmic artery (open 
arrowhead). The patient survived without craniot- 
omy with a clinical and angiographic diagnosis of 
come ission and cerebral edema. 
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skull, as in 1 of our cases, and not be visual- 
zed on skull roentgenograms. Such frac- 
tures not uncommonly occur in association 
with epidural hematoma. 

The anatomy of the meningeal branches 
of the ophthalmic artery system has been 
described in some detail by Kuru.‘ The 
anterior meningeal and the anterior falcial 
arteries are quite commonly described 
vessels.^? The vessels that are demon- 
strated and exemplified by our cases are 
apparently meningeal branches of the 
ophthalmic artery complex" and prcbably 
actually branches of one of the ethmoidal 
arteries. In our cases they have been traced 
back on magnification subtraction sngio- 
grams to an ophthalmic artery origin. For 
that reason we refer to them as meningeal 
branches of the ophthalmic artery system. 
They apparently arise from either or both 
the anterior and posterior ethmoida. arte- 
ries which arise from the ophthalmic ar- 
tery.!° They supply the dura mater in the 
anterior polar area. 

Angiographic demonstration of the me- 
nmgeal branches of the ophthalmic artery 
system in the anterior fossa is not always 
possible. Meticulous technique enhanced 
by magnification subtraction efforts are 
helpful. The examples presented in this 
article were in patients in their second 
decade of life. Attempts at demonstrating 
these vessels in elderly patients have been 
less satisfactory. However, they are quite 
consistently recognized in elderly patients 
with occlusive disease of the interral ca- 
rotid artery proximal to the origin of the 
ophthalmic artery. This is presumab y due 
to the development of a rich collateral cir- 
culation. Similarly, they have been re- 
perted as prominent in patients wita sub- 
frontal meningioma, falx meningioma, fron- 
topolar arteriovenous malformation, epi- 
dural lymphoma, Paget’s disease of the 
frontal bone, and metastatic tumor inva- 
sion of the frontal dura.’ 

In conclusion, we recommend that when 
selective carotid angiographies are per- 
formed on patients who have sus-ained 
frontal head injury, imaging be carried out 
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in the anteroposterior, lateral and appropri- 
ate oblique projections. The study should 
include subtraction roentgenograms, par- 
ticularly in the lateral projection, on which 
a search for displacement of the meningeal 
branches of the ophthalmic artery system 
may be made. If such displacement is docu- 
mented, a diagnosis of epidural hematoma 
is favored and immediate surgical inter- 
vention may be life saving. The visualiza- 
tion of the meningeal branches of the oph- 
thalmic artery is more likely in young 
patients. 


SUMMARY 


The angiographic recognition of dis- 
placement of the meningeal branch of the 
anterior or posterior ethmoidal artery of 
the ophthalmic artery system—a sign not 
previously reported in the literature—led 
to the correct preoperative diagnosis of 
frontal epidural hematoma in 2 patients 
with frontal head injury. 

Furthermore, the validity of the sign is 
strengthened by its absence in a third pa- 
tient, who also sustained anterior polar 
brain trauma, otherwise demonstrated 
classical angiographic manifestations of 
post-traumatic frontopolar cerebral edema, 
and recovered without craniotomy. 

The differential diagnosis of anterior 
polar space occupying lesions of traumatic 
origin Is reviewed. 


Merlin E. Woesner, M.D. 

White Memorial Medical Center 
1720 Brooklyn Avenue 

Los Angeles, California 90033 
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ULTRASONIC DIAGNOSIS OF SUBDURAL 
HEMATOMAS, EPIDURAL HEMATOMAS, 
BRAIN EDEMA AND 
BRAIN ATROPHY* 


By JEFFREY ROTHMAN. M.D., and MARTIN GERSHOWITZ, B.S. 


NEW YORK, NEW YORK 


PREVIOUS paper? reviewed the litera- 

ture on ultrasonic diagnosis of sub- 
dural hematomas. The technique outlined 
in this review and another study cf sub- 
dural hematomas utilized nonfocused trans- 
ducers. 

In this previous paper? visualization of 
che lateral surface of the brain with ad- 
jacent meninges and bone by a focused 
transducer revealed that a subdural hema- 
‘oma caused an extra or third echo sand- 
wiched between the normally visualized 
“inner table cerebrospinal fluid brain inter- 
"ace complex” and gray-white matter inter- 
ace. It was stated at the conclusion that 
wh more sophisticated instrumentation a 
better picture could be obtained. 

This is now provided by the Hoffrel 21A 
ultrasonoscope used in conjunction with a 
2 megacycle transducer having a 2.3 cm. 
focal distance. This equipment prevides 
great near side resolution, giving an ana- 
tomic picture of the lateral surface of the 
brain and adjacent structures. The “main 
bang” artifact, a machine artifact which 
obscures visualization immediately beneath 
the sound transducer, is virtually elimi- 
nated by this equipment. 


TECHNIQUE 


Our method of procedure in examining is 
the same for all lesions. We will refer hence- 
forth to the procedure as the procedure for 
subdural hematomas. All of the stud es in 
this current series were done in the A mode 
of ultrasound. Echoes produced at tissue 
interfaces appear as parallel vertical limes of 
varying intensity. The greater the aceusti- 


cal impedance mismatch at a particular in- 
terface (defined as density times velocity on 
either sice of the interface), the greater the 
reflected energy, resulting in a brighter 
echo. 

The position of the transducer for the 
subdural examination is as follows: As the 
subdural fluid collection might be present 
onlv in small localized areas, we examine 
each patient at a minimum of § positions on 
either side of the head. Additional positions 
are added when indicated by the clinical 
history. Our choice of positions 1s some- 
what arbitrary and we occasionally vary 
them from patient to patient; however, it 1s 
important to note the location of each ex- 
amining site on a given patient 1n order to 
be able to return to these positions in sub- 
sequent ‘ollow-up examinations. We use 
the following 2 lines as standard reference 
for all examinations and measure the ex- 
amining sites from them for easy reproduci- 
bility. The first is the canthomeatal line. 
Line 2 is drawn through the external audi- 
tory meatus and perpendicular to the 
canthomeatal line. The first 3 points are on 
Line 2, a- approximately 6, 8 and 10 cm. 
above the external auditory meatus. In in- 
fants, the 1o cm. position is eliminated and 
one at 4 cm. is used. Anterior and posterior 
points are generally located 6 to Io cm. 
above the canthomeatal line and 3 to 5 cm. 
anterior or posterior from Line 2. The exact 
choice of these positions (Points 4 and 5) 
will vary slightly depending on the size of 
the patient's head, and in the case of trauma 
patients, the location of the trauma. 

Once the site is chosen, the hair 1s pushed 


* From the Department of Radiology, Division of Ultrasound, The New York Fospital-Cornell Medical Center, New York, New 
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aside and a sufficient amount of ultrasonic 
coupling gel is applied. The transducer is 
then firmly applied to the head and a 
slight wiggling motion is used to see which 
echoes are the strongest; at the same time 
care must be taken so that the transducer 
does not shift position. The clipping and 
fine gain are off. The near gain control and 
the damping are manipulated. Before the 
near gain is adjusted in order to bring out 
the near field echo complex consisting of 
outer and inner tables of the skull, brain 
surface and gray-white matter interface, we 
have found it necessary to first measure the 
inner table to skin-air interface distance on 
the far side as well as on the near side (by 
palpating the skin on the far side, the 
identification of the skin-air echo is facili- 
tated). This measurement on the far side is 
made initially and the value obtained 
(ranging from o.8 cm. to 1.3 cm. in adults, 
less in children) is used as a check in identi- 
fying the inner table echo in the near 
side complex. While it is true that this value 
will vary slightly from position to position, 
even on the same patient, we have found 
that this single determination is sufficient 
(the outer table is also located on the near 
side). The correct identification of the 
inner table echo is important in this exami- 
nation in order to differentiate it from a 
ghost generated by reverberation between 
the outer table and the transducer which 
sometimes appears near it with almost 
equal intensity. The physical properties of 
ultrasonic waves are such that ghosts are 
often produced when 2 or more parallel in- 
terfaces are present. The examination for 
subdural fluid collections requires the de- 
lineation of several virtually parallel tissue 
interfaces and is complicated by the pres- 
ence of these ghost echoes which under 
certain conditions are almost as intense as 
the inner table echo as well as the echo from 
the brain surface. With larger subdural 
fluid collections, above 8 mm. in width, we 
have not found the presence of ghost echoes 
to be as much of a problem. As with most 
ultrasound examinations, the echo pattern 
is both pressure and angle dependent. A 
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very slight wiggling motion as mentioned 
previously has been found to be useful in 
reduc.mg some of the artifacts caused by 
these 2 factors. 

The near gain needed to bring out the 
full necr field complex will vary from pa- 
tient to patient, depending on skull thick- 
ness, age, the amount of overlying tissue 
and the presence of any pathologic processes 
in the area examined. 

In addition to the near gain control, the 
dampirg control on this unit is also utilized 
in ths procedure. If the near gain is in- 
creased without using the damping control 
at the same time, it becomes very difficult 
to separate the various echoes. Increasing 
the damping control minimizes the main 
bang artifact which would interfere with in- 
terpret ation if the near gain alone was used. 
Care must be taken not to over-damp as 
echoes emanating from tissue interfaces of 
interes- could accidently be eliminated. As 
the near gain is slowly increased, the first 
echo tc the right of the “main bang," usu- 
ally seen is the one corresponding to the 
outer table of the skull. In adults it occurs 
most c'ten between .5 cm. and .7 cm. from 
the sxin. Next, the inner table of the skull 
will be visualized between .8 cm. and 1.3 
cm. Immediately adjacent to the inner 
table echo one generally encounters the 
first ghost echo. This is the previously men- 
tionei ghost caused by reverberation be- 
tween the outer table and the transducer 
surface and, while usually of lower intensity 
than the inner table echo, it can sometimes 
appear as bright depending on transducer 
pressure and angle. The location of this 
ghost zan be predetermined, however, by 
doubling the distance from the skin to the 
outer table echo and most often is between 
1.0 and 1.3 cm. from the skin. Knowing this, 
and having previously approximated where 
the ianer table echo will occur by the tech- 
nique described earlier, the separation of 
these = echoes is possible. 

As the near gain is increased further, the 
brain surface echo is generally the next to 
appear. This is also the region, between 1.4 
and 7.6 cm. from the skin, where the second 


Vou... 122, No. 3 


ghost echo is also found. This echo is gen- 
erated by a reverberation between the nner 
and outer tables of the skull and can be 
aceurately located by adding the dis-ance 
be-ween the outer and inner table echces to 
the distance from the skin to the inner table 
echo. When no subdural hematoma is pres- 
ent this ghost usually is to the right cf the 
brain surface echo. When a subdural hema- 
toma is present, the brain surface echo is 
pushed further to the right and this ghost 
wil be found between it and the inner table 
echo. This second ghost tends to be of lower 
mtensity than the brain surface echo it 
often accompanies, although echo intensity 
as mentioned above is pressure and angle 
de»endent and one should not rely on echo 
intensity alone when eliminating these arti- 
facts. 

With a further increase of the near zain, 
the echo from the gray-white matter mter- 
tace will appear between 1.5 and 4 mm. to 
the right of the brain surface echo. The 
outer table echo at this point is usually 
obiterated in a main bang reverberation 
which sometimes extends as far as the nner 
table echo. With utilization of the dam ping 
control present on this instrument, t: king 
care not to over-damp and thereby distort- 
ing the inner table and brain surface ecaoes, 
this main bang artifact can be minimized. 
In general the gain should be raised onlv 
the amount necessary to visualize the brain 
surface echo and the gray-white matter 
interface. [n this way the intensity o^ the 
ghest echoes is minimized making them 
even easier to identify. 

The third and last major ghost echc can 
be located by doubling the distance ‘rom 
the skin to the inner table echo. 

The procedure used when examining in- 
farts and small children (up to approxi- 
mately 7-8 years) is slightly different “rom 
thzt used during the examination of adults. 
Because of the thin layer of overlying skin 
and muscle as well as the thinness o^ the 
skull, it is somewhat more difficult to sepa- 
rate the echoes emanating from the iater- 
faces in question. The echoes corresponding 
to the inner table and brain surface are only 
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2-3 mm. apart, that is, except when a sub- 
dural hematoma or hygroma is present. 
This has led us to utilize a modified scan- 
ning procedure. With sufficient coupling gel 
the transducer is moved around the area 
under investigation and the echo pattern is 
observed for any unusual separation of the 
echoes. If a suspicious area is noted the 
transducer is kept on this spot and the 
distance »etween the inner table and brain 
surface echoes is quantitatively measured. 
This approach enables one to cover a 
greater surface area of the head in a shorter 
period of time. 

Movement sometimes is helpful in identi- 
fication of echoes. As the transducer is 
moved from position to position during the 
course o: the examination, some of the 
echoes will shift their locations slightly. 
While moving, careful observation and 
identification of the inner and outer table 
echoes and where their ghosts should ap- 
pear will be invaluable in clarifying the 
picture obtained. If the thickness of tissue 
overlying the skull varies, particularly due 
to localized edema, this will shift the posi- 
tion of tie outer and inner table echoes 
and will also cause the relative position of 
their associated ghosts to change. In con- 
junction with examination over nonede- 
matous scalp areas, this has been found to 
be of help in some cases where difficulty in 
clearly identifying the brain surface echo 
was encountered, since the position of the 
ghosts changes their position relative to the 
brain surface. Conversely, should the outer 
and inner table echoes remain fixed, a 
shifting echo will more than likely be that 
corresponding to the brain surface, indicat- 
ing the presence of a localized lesion. 

Too high a gain setting sometimes results 
in the appearance of a few low intensity 
echoes bracketing the brain surface echo. 
It is felt that they correspond to the curva- 
ture of tie sulci and gyri which appear 
superimposed due to the width of the ultra- 
sonic beam. Generally no problem has been 
found with these echoes as careful adjust- 
ments of the gain settings will usually elimi- 
nate them completely from the picture 
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Fic. 1. Normal trace. The distance between each 
large marker is 1 cm. and between each small 
marker is 2 mm. The upper trace shows echoes from 
the main bang (large arrowhead), the inner table 
and dura of the skull (small arrowhead), the gyral 
brain surface (small arrow) and the gray-white 
matter interface (large arrow). The lower trace 
shows echoes from the main bang (large arrow- 
head), the inner table and dura of the skull (small 
arrowhead) and the gyral brain surface (small 


arrow). 


without affecting the echoes from the inter- 
faces under study. 


DIAGNOSIS 


The difference between the findings now 
and in the previous report is that now all 
the interfaces at or adjacent to the lateral 
surface of the brain are seen in their ana- 
tomic position. For example, in the normal, 
4, rather than 2, echoes are demonstrated. 
Ultrasound shows an outer table, inner 
table dural echo, a gyral brain surface echo 
and a gray-white matter echo. These echoes 
show the normal anatomic distance be- 
tween each other (Fig. 1 and 2). The nor- 
mal for the distance between the inner 
table dural echo and gyral brain surface 
echo which we shall call the SD space is 
.3—4 cm. in adults and .2-.3 cm. in children. 
Abnormality has only appeared above these 
values, therefore they are significant values. 
In adults values of .4 and .4—.5 cm. may or 
may not be abnormal. In children values of 
3» «37.4, and i4 cm. may or may not be 
abnormal. In addition it has been shown 
that a subdural hematoma of 4 mm. width 
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will give a value of 4 mm. by echo as indi- 
cated by autopsy and angiogram correla- 
tion. 3bnormality consists of the following: 


I. An increased or decreased distance be- 
tween the inner table dural echo and 
the gyral brain surface echo 

2. An altered gray matter width 

3. Decrease in the intensity of the gvral 
brain surface echo 

4. ^n increase in the intensity of the 
zray-white matter echo 

s. P-esence of a very strong blood dural 
brain echo. 


An increased distance between the inner 
table cural echo and gyral brain surface 
echo may indicate a unilateral subdural 
hematoma (Fig. 3 and 4), if found on one 
side ard bilateral subdural hematomas if 
on beth sides (Fig. 5). It also may indicate 
atrophy. If there is difficulty in deciding 
between the presence of a subdural hema- 
toma and brain atrophy, the following ul- 
trasound criteria may be of help. The mid- 
line shaft may be helpful. If there is an in- 
creased subdural space on one side or if the 
subdural space is increased more on one 
side than another with a midline shift away 
from tae larger space, a subdural hema- 
toma is suspected. Sinking of the brain is 
also of help sometimes to distinguish 
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Fic. 2. Normal trace at lower sensitivity. The trace 
shows echoes from the main bang (large arrow- 
head), outer table of the skull (small arrowhead), 
inner -able and dura of the skull (small arrow) and 
the zvral brain surface (large arrow). 
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atrophy from a subdural hematoma. With 
the patient lying supine when the head is 
turned to the side so that a sagittal section 
of the head is parallel to the floor, the »rain 
sinks to the atrophic side. In cortical ecema 
(Fig. 6) the subdural space is decreasec, the 
gray matter width is increased, the iaten- 
sity of the gyral brain surface echo ts de- 
creased (due to the fact that this interface 
approaches a water-cerebrospinal fluid 1n- 
terface) and the gray-white matter echo is 
inereased in intensity. 

An epidural hematoma has a diferent 
picture (Fig. 7). This is the only instance 
when the dura is visualized. A blood dural 
brain interface is visualized on the near 
side. This echo is so strong it appears even 
before the inner table echo at lower sensi- 
tivity. 


CLINICAL FINDINGS 


One hundred and seventy patients with 
head trauma, suspected subdural or epi- 


dural fluid collections, reaccumulatiea of 


subdural fluid, suspected brain atre»hy, 
suspected brain edema due to contusicn or 
those with abnormal midline shifts were 
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Fic. 4. Unilateral subdural hematoma. The upper 
trace shows the distance between the inner table 
dural echo (small arrowhead) and gyral brain 
surface echo (large arrowhead) to be increased to 
6 mm. This space represents the subdural hema- 
toma. The bottom trace shows the distance be- 
tween the inner table dural echo (small arrow- 
head) anc gyral brain surface echo (large arrow- 
head) to be normal (4 mm.). 


studied. Of these, 13 subdural hematomas 
in all stages were correctly diagnosed. Sub- 
dural hematomas were diagnosed in both 
adults and children. The diagnosis was 
confirmed by angiography and/or surgery. 
Seven of these were bilateral subdural 





Fic. 3. Unilateral subdural hematoma. The top race 
shows the distance between the inner table cural 
echo (small arrow) and gyral brain surface echo 
(large arrowhead) to be normal (4 mm.). The 


echo from the outer table of the skull (small 
arrowhead) is also seen on the top trace. The 
lower trace shows the distance between the mner 
table dural echo (small arrow) and gyral brainesur- 
face echo (large arrowhead) to be: increased to 8 
mm. This space represents the subdural hematema. 


Fic. s. Bileteral subdural hematomas. The top 
trace shows the distance between the inner table 
dural echec. (small arrowhead) and gyral brain 
surface echo (large arrowhead) to be increased to 
g mm. This space represents the subdural hema- 
toma. The lower trace shows the distance between 
the inner table dural echo (small arrowhead) and 
gyral brair surface echo (large arrowhead) to be 
increased to 6 mm. This space represents the sub- 
dural hematoma. 
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Fic. 6. Cortical edema. The trace shows the gyral 
brain surface echo (small arrow) near the inner 


table dural echo (large arrowhead). The gyral 
brain surface echo is weak. The gray-white matter 
interface echo (large arrow) is strong and the dis- 
tance between it and the gyral brain surface echo 
IS increased. 


hematomas. Five cases were followed for 
reaccumulation of fluid giving a total of 
21 positive subdural examinations. There 
was I epidural hematoma confirmed by 
surgery. Thirteen cases of brain atrophy 
determined by clinical impression (in 11 
cases) and special study (in 2 cases) were 
diagnosed. There were 4 cases of cortical 
edema. One case was verified at surgery 
and 3 were consistent with the clinical im- 
pression. 

There were 3 false positives and 1 false 
negative. There was I false positive sub- 
dural hematoma in a marked hydrocephalic 
due to the echo from the lateral border of 
the ventricle adjacent to the dura. There 
was a false positive epidural in a case of 
brain edema. In this case the strong gray- 
white echo was mistaken for a blood dural 
brain interface, since it was early in our 
study and the importance of a weak gyral 
brain surface echo very close to the inner 
table dural echo was not appreciated. An- 
other case of brain edema was also missed 
because the weak brain surface echo was 
not noted and the strong gray-white echo 
was mistaken tor the brain surface echo. 
This was mistakenly diagnosed as a sub- 
dural hematoma. There was one false nega- 
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tive before it was appreciated that .3 cm. 
may be an abnormal value in a child. 

The width of the subdural hematomas 
and hvgromas, the amount of brain atrophy 
and the width of the one epidural hematoma 
could be estimated as being small, moderate 
and larze. This estimate correlated with the 
size found on special study. 

Perhaps of great importance is the ob- 
servaton that small to moderate and 
moder-te sized subdural hematomas which 
do not necessarily cause an abnormal shift 
cause mental aberrations. 


SUMMARY 


Use of the Hoffrel 21A ultrasonoscope in 
conjurction with a 2 megacycle transducer 
having a focal distance of 2.8 cm. gives 
great mear side resolution. 

Bec-use of this an anatomic ultrasound 
demorstration of the lateral surface of the 
brain -nd adjacent interfaces is seen in the 
norma.. Altered interface position and in- 
terface intensity can be seen in the abnor- 
mal giving a diagnostic picture. 

In the abnormal as well as the normal 
the distances measured are the actual dis- 
tances found in life, or a good approxima- 
tion c- those distances. Therefore, lesions 


such as subdural and epidural collections, 
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Fic. 7. Epidural hematoma. The bottom trace 
shows a strong blood dural brain echo (large ar- 
row). At this sensitivity the inner table dural echo 
is net seen. It is seen in the upper trace (small 
arrow), but a strong blood dural brain echo is not 
seen in the upper trace. 
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cortical edema and brain atrophy may be 
diagnosed. This method has been found to 
be extremely accurate and sensitive. 

The examination is useful for follow-up 
postoperative reaccumulation of fluid and 
resolution of brain edema. 

Further work is needed on sinking o' the 
brain as well as the width of the motor cor- 
tex in cases of brain atrophy. 

The measurement of the gray matter in 
the motor cortex may be valuable in child- 
koed mental retardation. 


Ultrasonic Diagnosis of Subdural Hematomas 


537 


Jeffrey Rothman, M.D. 
Newport East 

370 East 76th Street 

New York, New York 10021 
Apt. B-201 


REFERENCES 


. Forociow, G., and Zanver, E. Echoencephalog- 
graphy in cases of subdural hematomas. Rev. 
méd. Suisse Rom., 1970, 90, 131-152. 

. RoraMaz, J., SHatsky, S., Kricuerr, TL, and 
Cuase, N. Ultrasonic diagnosis of subdural 
hematomas. Am. J. ROENTGENOL., RAD. THER- 
apy & NucLEAR MED., 1969, 705, 413-427. 


I 


to 


NOVEMBER, 1974 


ROENTGENOGRAPHIC ANALYSIS OF 
ARTERIOVENOUS MALFORMATIONS 
OF THE OCCIPITAL LOBE* 


By B. TODD TROOST, M.D.,+ and THOMAS H. NEWTON, M.D.] 


SAN FRANCISCO, CAL FORNIA 


TE blood supply of cerebral arterio- 
venous malformations is often exten- 
sive and depends on the cranial or intracra- 
nial location as well as the size of the lesion.’ 
No previously reported study has analyzed 
the roentgenologic and clinical features of 
malformations which primarily involve the 
occipital lobe. 

This report discusses the roentgenographic 
anatomy and summarizes the clinical fea- 
tures in 25 patients with arteriovenous 
malformation of the occipital lobe. 


MATERIAL 


A review of the angiographic files at the 
University of California Medical Center, 
San Francisco, produced 25 examples of 
arteriovenous malformations of the occip- 
ital lobe. The majority of the patients had 
been clinically evaluated by the staff of 
the Neuro-Ophthalmology Unit. The an- 
giograms and clinical records were analyzed 
to determine if any anatomic findings could 
be correlated with the clinical problems 
caused by these lesions. The patients in the 
study ranged in age from 15 to 60 years 
with an average age of 37 years. Ten pa- 
tients were women and 15 men. Follow-up 
periods varied from a few weeks to 10 years. 
Two patients died from complications 
after surgical procedures, and 1: patient 
died from an intracerebral hemorrhage 8 
years after the diagnosis was established. 


RESULTS 


The clinical features of these cases are 
presented in a separate report.! Thirteen 
patients experienced visual phenomena 
such as flashes of light and dimming of 


vision: Seven had nonmigrainous, tran- 
sient, cortical photopsias or scotomas and 
7* described partial loss of vision. Nine 
patients had epilepsy and 6 of these 9 pa- 
tients experienced visual aurae. Headaches 
were particularly common and were both 
acute and chronic. The headaches were 
predominantly unilateral and frontal— 
occurring on the side of the occipital 
lesion in all but 1 patient. Severe, “‘explo- 
sive" headaches signified intracranial bleed- 
ing. Nine patients had severe headache fol- 
lowec shortly by complete homonymous 
hemiznopsia—the syndrome of occipital 
apoplexy. The most common neurologic 
abnormality of the initial examination was 
homonymous hemianopsia, present in 11 
patients. The nonvisual signs included 
paralysis of the third nerve in 2 patients 
(the result of an accompanying aneurysm), 
hemiparesis in 5 patients, and a vascular 
bruit ir. £ patients. 

Roentgenographic diagnosis depended 
main y on angiographic studies. The occip- 
ital lesions were right-sided in 11 instances 
and left-sided in 14. The angioma was 
confined to the occipital lobe in 13 patients, 
the occipitoparietal area in g patients, and 
the cccipitotemporal region in 3 patients. 
The size of the malformation was classified 
accord ng to the largest dimension into 3 
grades: small (1 cm. or less), 7 patients; 
mediara (2 to 4 cm.), 12 patients; and large 
(5 cm. or more), 6 patients. The roent- 
genographic features are listed in Table r. 

Or plain roentgenograms, abnormalities 
of the skull were noted in only 3 patients. 
These abnormalities consisted of an enlarge- 


* One patient had both phenomena. 


* From the Neuro-Ophthalmology Unit,t Department of Neurological Surgery, and the Department of Radiology (Professor, Neuro- 
radiology), University of California Medical Center, San Francisco, California. 
t NIH Fellow in Neuro-Ophthalmology (Fellowship No. 1 F11 EY 3-01) 
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Arterial Supply Associated 


Venous Drainage 
Aneurysm 


ECA | PERIC 


PCA 





+++ +++ + 4444 


"u 
—- 


++ + + 


+ + + + 


Superficial veins 

Superficial veins 

Dural sinus, torcula 

Torcula, transverse 
sinus 

Torcula, superior sagit- 
tal sinus 

Superficial veins 

Superficial veins 

Vein of Galen, superior 
sagittal sinus 

Superficial veins 

Superficial veins 

Torcula, superior sagit- 
tal sinus 

Superior, lateral, and 
straight sinuses 

Torcula 

Vein of Galen 

Superficial veins, supe- 
rior sagittal sinus 

Superficial veins 

Superficial veins 

Superior sagittal and 
transverse sinuses 


Straight and superior 


RICA 


Basilar 


Multiple 





sagittal sinus 
Superior sagittal sinus 
Superficial veins, trans- 
verse sinus 
Superior sagittal sinus 
Vein of Galen, super- 
ficial veins, dural 
sinuses 
Superior sagittal sinus 
Superior sagittal and 
transverse sinuses 


++ ++ 4 cut +++ 
-- 


m 


RA—————————————————P——— a A — am c cL CC NEM CE ONE 


2 Location Size (cm.) pd 
I Occipital (R) 2X 2X2 de + 
2 Occipital (L) IXIXI 4 
3 Occipitotemporal (R) | 5X4X 5 JT 
4 Occipital (R) 6X3X4 + 
g Occipital (R) 3X 3X4 + 
6 Occipitotemporal (Lì) | 4X 3X3 T 
7 Occipital (L) 2X 3X2 
3 Occipitoparietal (R) | 7X6X 5 + 
9 Occipitoparietal (L) | 7X 4X4 + 
JO Occipital (L) I.5X DIXI -4 
UI Occipital (L) 4X 4X 4 T 
E2 Occipitoparietal (R) | 3X 3X2 + 
13 Occipital (R) IXIXI T T 
L4 Occipital (R) 3x 3X3 
r$ Occipitoparietal (L) | 3X4X2 + 
16 Occipitoparietal (L) | 1X1XI + 4 
r7 Occipitoparietal (L) | 3X4X2 EE -+ 
18 Occipitoparietal (L) | 3X3X3 T 
19 Occipital (L) Pb d 2 -+ 
= Occipitoparietal (L) | 13 132X 13 c 4 
ZI Occipitotemporal (R) | 4X 4X 5 + 
22 Occipital (L) IXIXI 
23 Occipitoparietal (L) | 4X6X 7 + + 
24 Occipital (R) jyX1xXj + 
25 Occipital (R) 2X 2X2 + 
Total 
= (R) 11 (L) 14 8 20 


23 9 3 3 


* R=right; L= left; MCA= middle cerebral artery; PCA= posterior cerebral artery; ECA= external carotid artery; PERIC= peri- 


callosal artery; RICA- right internal carotid artery. 
t No vertebral arteriography performed. 


ment of the groove of the posterior branch 
of the middle meningeal artery in zll 3 
ins-ances, local thinning of the cranial vault 
in Z, and calcification within the malforma- 
tion in 1 (Fig. 1, 47 and B). Multiple a-ter- 
ies supplied all but 2 of the arteriovenous 
ma formations. The parieto-occipital, cal- 
carne, and posterior temporal branches of 
the posterior cerebral artery as well as the 
angular branch of the middle cerebral 
artery were the most common contributing 
vessels. In each patient in whom vertebral 
arteriography was performed (23 of the 25 


patients), it was found that branches of the 
posterior cerebral artery supplied the mal- 
formation (Fig. 2, £ and B; 3, £ and B; and 
4, 4-D). The distal branches of the middle 
cerebral artery contributed to the mal- 
formation in 20 patients (Fig. 3, // and B), 
whereas the pericallosal artery helped to 
supply the angioma in 3 instances. Dural 
contributions va meningeal branches of 
the external carotid or vertebral arteries 
were noted in 9 patients (Fig. 4, C and D). 

Venous drainage from the malformation 
extended into the dural sinuses (e.g., supe- 
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Fic. 1. Roentgenograms of the skull. (4) Roentgenogram in hal -axial projection shows a localized thinning 
of the skull (closed arrows) with adjacent punctate calcifications (open arrows). (B) Lateral projection. 
The groove for the posterior branch of the middle meningeal artery is enlarged (open arrows). The localized 
posterior bulging and thinning of the skull vault are well shown (closed arrows). 


rior sagittal sinus and transverse sinus) in avascular zone around the arteriovenous 
16 patients. The superficial veins drained malformation was observed in 8 of the 25 
the malformation in 11 patients. Three of patients (Fig. 5, 4—£). 

the malformations drained deep into the 

cerebral venous system. Angiographic evi- DISSI Useson 

dence of an intracerebral hematoma, with The roentgenographic diagnosis of ar- 
displacement of adjacent vessels, and an terioveaous malformation depends pri- 
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Fic. 2. Left vertebral arteriogram, frontal projection. (4) Arterial phase. (B) Capillary phase. A large ar- 
teriovenous malformation of the medial occipital lobe is su- plied by enlarged calcarine and parieto-oc- 
cipital branches of the right posterior cerebral artery. 
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Fic. 3. (4) Vertebral arteriogram, lateral pre*ection. (B) Carotid arteriogram, lateral projection. The large 
arteriovenous malformation of the occipita! obe is supplied by enlarged branches of both the posterior and 


middle cerebral arteries. No field defects wese seen. 


marily on cerebral angiography. Occasion- 
ally, however, plain roentgenograms cf the 
skull may show signs of enlargement cf the 
feeding arteries, calcification within the 
malformation, or localized erosion and 
bulging of the skull vault.*»!? Angiography 
is crucial in the diagnosis and management 
ef intracranial arteriovenous malformations 
that involve the occipital lobe. Rapid :erial 
angiography 1s necessary to define the ori- 
gin of the supplving arteries and the ceurse 
of the draining veins. Subtraction and 
magnification techniques further aii in 
angiographic definition of these malforma- 
tions. All arteries, as well as the dra ning 
veins that contribute to the malformation, 
must be carefully delineated if an accurate 
anatomic evaluation of the lesion is to be 
obtained. The angiographic study, taere- 
fore, should include opacification o^ all 
arteries which may supply the malfo-ma- 
tion. The exact nature and extent of the ar- 
terial supply to these malformations cen be 
appreciated only by means of sep:rate 
selective injection of contrast material 
into each vessel. In arteriovenous mal- 
formations of the occipital lobe, roentzeno- 
graphic investigation must include selective 
vertebral as well as internal and external 
carotid arteriography. The dural contribu- 


tion to these malformations via the external 
carotid artery is well demonstrated in 
Figure 4, C and D. In this patient the mal- 
formation of the occipital pole was supplied 
primarily by meningeal branches of the 
external carotid artery. This area of the 
lesion is shown as a relatively “avascular” 
region in the early phases following opacifi- 
cation of the posterior cerebral artery. 

The presence of an associated intra- 
cerebral hematoma is recognized by the dis- 
placement of adjacent vessels as well as by 
an area of avascularity surrounding the 
malformation (Fig. 5, //-E). Occasionally, 
the hematoma may destroy portions of the 
malformation. This destruction is recog- 
nized by residual enlargement of affer- 
ent arteries and draining veins (Fig. 5, 
A-E). The association of aneurysms and 
arteriovenous malformations is well 
known.'~* Three of the patients studied had 
aneurysms. One aneurysm involved the 
distal basilar artery and one the internal 
carotid artery. One patient (Case 15) had 
3 aneurysms on the same side as the ar- 
teriovenous malformation. 

In all cases reviewed, the side of the mal- 
formation correlated with the contralateral 
visual field defect, when present. All pa- 
tients with an intracerebral hematoma had 
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Fic. 4. (4 and B) Vertebral arteriograms, lateral projection. The parieto-occipital, calcarine, and posterior 
temporal branches of the right posterior cerebral artery are er arged and supply an arteriovenous malfor- 
mation situated at the posterior pole of the right occipital lobe. Note area of relative avascularity in the 
region of the calcarine fissure (arrows) and the accompanying visual field. (C) Selective right external caro- 
tid arteriogram, lateral projection, and (D) frontal projection The posterior branch of the middle menin- 
geal artery is enlarged (open arrows) and supplies a small portion of the occipital lobe formation (closed 


arrows). 


a complete visual field defect. The size of ical and roentgenographic features. 
the malformation and the extent of the 
field loss, however, had no consistent re- 
lationship. Malformations of the occipital Roertgenographic and clinical features 
lobe comprise from 10 per cent^? to 30 per of 25 -:ses of arteriovenous malformations 
cent? of the arteriovenous anomalies of the of the occipital lobe are summarized. 

brain and usually have characteristic clin- Occi7ital apoplexy and occipital epilepsy 


SUMMARY 
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Fig. 5. (4) Selective vertebral arteriogram, ateral projection, arterial phase. (B) Venous phase. (C-E) 
Frontal projections. (C) Early arterial phase. (D) Late arterial phase. (E) Capillary phase. The parieto- 
eccipital branch of the posterior cerebral astry is slightly enlarged and displaced superiorly (open arrows). 
The small arteriovenous malformation (double arrow) has been partially destroyed by the intracerebral 
hematoma and drains into veins that empty mto the adjacent superior sagittal sinus (closed arrows). 


are the cardinal syndromes of occipital Arteriovenous anomalies of the occipital 
arteriovenous malformations. The most lobe are supplied by multiple arterial 
common presenting sign, however, is akom- sources, imcluding distal branches of the 
omymous visual field defect. Size of the mal- middle cerebral artery, the posterior cere- 
formation does not correlate with presence bral, external carotid, and pericallosal 
of visual field defect. arteries. 
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Because early excision of occipital hema- 
tomas promotes recovery from visual field 
defects, selective arterial opacification is 
recommended to delineate these vascular 
malformations. 


Thomas H. Newton, M.D. 
Department of Radiology 
University of California 

San Francisco, California 94143 


REFERENCES 


1. ANDERS, R. McD., and Brackwoop, W. Asso- 
ciation of arteriovenous angioma and saccular 
aneurysm of arteries of brain. 7. Pathol. & 
Bact., 1959, 77, 101-110. 

2. Bovp-Wirsow, J. S. Association of cerebral an- 
giomas with intracranial aneurysms. Y. Neurol., 
Neurosurg. €9 Psychiat., 1959, 22, 218-223. 

3. Cronavist, S., and Troupp, H. Intracranial ar- 
teriovenous malformation and arterial aneu- 
rysm in same patient. Acta neurol. scandinav., 
1966, 42, 307-316. 

4. CusHinG, H. W., and Battey, P. Tumors Arising 
from the Blood-Vessels of the Brain: Angio- 
matous Malformations and Hemangioblas- 


B. Todd Troost and Thomas H. Newton 


M 


NOVEMBER, 1974 


tomas. Charles C Thomas, Publisher, Spring- 
field, Ill., 1928. 


. Dazpv, W. E. Arteriovenous aneurysm of brain. 


Arch. Surg., 1928, 17, 190-243. 


. Dinspare, H. Discussion on neuro-ophthal- 


n-5logical aspects of cerebral angiomas. Proc. 
Roy. Soc. Med., 1957, 50, 85-88. 

Enoxsson, P., and Bynke, H. Visual field de- 
fects in arteriovenous aneurysms of brain. 
Acta ophth., 1958, 36, 586-600. 


. NEWTON, T. H., and Troost, B. T. Arterio- 


venous communications. In: Radiology of the 
Skull. Edited by T. H. Newton, and D. G. 
Potts. To be published. 

Perret, G., and Nisuioka, H. Report on co- 
operative study of intracranial aneurysms and 
subarachnoid hemorrhage. Section VI. Arterio- 
venous malformations: analysis of 545 cases of 
cranio-cerebral arteriovenous malformations 
acd fistulae reported to cooperative study. 7. 
Neurosurg., 1966, 25, 467—490. 


. Porrer, A. J., and Burr, J. Some aspects of 


ne tural history of cerebral arteriovenous mal- 
formation. Brit. 7. Radiol., 1969, 42, 667-675. 


. Troost, B. T., and Newron, T. H. Migraine of 


arteriovenous malformation (AVM)?: clinical 
and roentgenographic features in 25 cases of 
occipital lobe AVM. Neurology, 1973, 23, 398 
(Abstr.). 





Voz. 122, No. 3 


ANTERIOR MENINGEAL BRANCH OF THE 
VERTEBRAL ARTERY IN EXTRA-AXIAL 
POSTERIOR FOSSA LESIONS* 


By HAROLD PACHTMAN, M.D.,t and ROBERT WALDRON, II, M.D.f 


NEW YORK, NEW YORK 


HE anterior meningeal branch o* the 

vertebral artery has been shown to be 
enlarged in various posterior fossa extra- 
axial tumors. These include glomus jugu- 
lare, meningioma, hemangioblastoma, me- 
tastatic hypernephroma, and plasmacy- 
toma.!:3:4 

We would like to report its enlargement 
in chordoma, schwannoma, arteriovenous 
malformation, and arteriovenous fistula— 
lesions in which its enlargement or presence 
has not been previously reported. It should 
be noted that the latter 2 are not tru 
tumors, but rather, vascular lesions. 

The anterior meningeal branch of the 
vertebral artery 1s extremely small. When 
visualized in normal patients, its caliber is 
less than 0.5 mm. in diameter,’ and sub- 
traction technique is usually necessary for 
adequate visualization. The Caldwell view 
is the preferred anteroposterior projection 
for visualization of this vessel. Enlarge- 
ment of this vessel is an indicator of poster- 
ior fossa extra-axial lesions, and this should 
be excluded on all vertebral angiograms 

The detailed anatomy and roentgen 
features of the normal anterior meningeal 
branch of the vertebral artery are ade- 
quately described by Newton.‘ Briefly, it 
arises from the medial aspect of the verte- 
bral artery at the level of C-2, and passes 
medially through the intervertebral fora- 
men. It then runs superiorly and slightly 
medially in the spinal canal, following the 
posterior aspect of the vertebral arteries. 
It is projected anteriorly to the anterior 
spinal artery. At the level of the foramen 
magnum, it ends as small twigs to the 


dura!‘ (Fig. 1, Z and B). 

Newton visualized the vessel in 24 of 100 
selective vertebral arteriograms. He noted 
that it measured less than o.5 cm. in di- 
ameter, aad that, usually, only its proximal 
1.0 to I.5 cm. could be shown. 


ILLUSTRATIVE CASES 
CHORDOMA 


A 30 year old white male presented with 
a 3 vear history of frequent right-sided 
headaches and a 3 month history of di- 
plopia. Several weeks before admission 
he develooed slurred speech. On admission 
there was a sixth nerve palsy, decrease in 
gag reflex, and atrophy of the right half of 
the tongue. Plain skull film roentgenograms 
and tomograms demonstrated a naso- 
pharyngeal mass with destruction of the 
clivus and the right medial border of the 
petrous ridge. Brain scan was negative. A 
right carotid arteriogram showed mildly 
dilated lateral ventricles with no evidence 
of midline shift. There was evidence of 
neovascularity from branches of the as- 
cending pharyngeal artery. A vertebral 
angiography was performed (Fig. 2, 4 
and A). 


CHEMODECTOMA 


A 42 year old female had a left carotid 
body tumor removed 17 years previously. 
The following year she had a right glomus 
jugulare tumor removed. This was followed 
with some palatal and vocal cord difficulty, 
along with double vision. Eight vears later 
a right carotid body tumor was removed. 


* Presented as a Scientific Exhibit at the Seventy-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, P.Q., 


Canada, September 25-28, 1973. 


T Fellow in Neuroradiology, Neurological Institute of New York, Columbia-Presbsterian Medical Center, New York, New York. 
(Neuroradiology Training Grant 5 TO1 NSOs5298-12, NINDS, NIH.) 
t Associate Professor of Radiology, Columbia-Presbyter'an Medical Center, The Neurological Institute of New York, New York, 


New York. 
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Fic. 1. Diagrammatic representation of the anterior meningeal branch of the vertebral artery. 
(4) Lateral and (B) Caldwell projections. The vessel (solic arrow) is projected anterior to the anterior 
spinal artery (open arrow) in the lateral view. 


Five years later she noticed increasingly Swallowing was impaired on the right side, 
unsteady gait with light-headedness and and her speech was noted to worsen. On 
frontal and occipital headaches. She had a physical examination the Romberg sign 
buzzing and resonating sound in the left was positive. She favored the right leg, and 
ear and had decreased concentration. there was decreased right arm swing. There 





Fic. 2. Chordoma. 
(4) Lateral and (B) Caldwell views of right vertebral arteriogram. The anterior meningeal branch (closed 
arrow) is enlarged in diameter, and supplies a small focus of tumor stain (open arrow). The basilar artery 
is displaced posteriorly by this largely avascular extra-axial tumor in the clival region. 
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was a slight facial lag on the right side and 
no hearing on the right. Decreased gaz was 
observed bilaterally. There was atrophy of 
the right side of the tongue. Muscle 
strength was good throughout. Reflexes 
were equal and active. 

A right internal carotid arteriogram re- 
vealed a vascular tumor involving the 
right petrous pyramid. Supplying branches 
arose from the petrous portion of the right 
internal carotid artery, and the medial 
tentorial branch of the cavernous segment. 
Bilateral vertebral arteriograms were ob- 


tained (Fig. 5, 7-D). 


SCHWANNOMA 


A 32 year old female had abnorma! test- 
ing of the cranial nerves IX, X, XL, and 
XII. A left vertebral arteriogram revealed 
a mass lesion in the left posterior fossa. 
During the arteriographic procedures, the 
patient lost consciousness and experienced 
respiratory difficulty. She remained acutely 
ill after this brief episode, and over the next 
several days it became apparent that she 
had developed tonsilar herniation. A left 
suboccipital craniectomy was performed 
with gross total removal of what was feund 
to be a large schwannoma arising in the 
region of the tenth nerve. This was re- 
ported at surgery to be essentially extra- 
dural. It was invested with a stretched 
covering of dura, but had deeply invagi- 
nated the left cerebellar hemisphere. At 
surgery it was noted that the patient had 
developed necrosis of both cerebellar tonsils 
which were herniated to C-2. There was 
also an area of necrosis in the inferior 
border of the left cerebellar hemisphere. 
The roentgenographic findings are shown in 


Figure 4, 4-C. 


ARTERIOVENOUS MALFORMATION 


A 32 year old female began losing vision 
bilaterally approximately 10 years earlier. 
At that time arteriography was done which 
showed an arteriovenous malformatior fed 
mainly by the external carotid arteries. 
She was treated with ligation of several 
branches of the external carotid artery bi- 
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laterally. Vision did not improve following 
these ligztions. Bilateral common carotid 
and left vertebral arteriograms demon- 
strated an extensive arteriovenous malfor- 
mation (AVM) fed by the internal and 
external carotid arteries bilaterally, and 
also by the vertebral arteries posteriorly 


(Fig. 5, and D). 


TRAUMATIC ARTERIOVENOUS FISTULA 


A 23 year male was admitted to the 
emergency room following a gunshot 
wound in which the path of the bullet en- 
tered the left neck in the suboccipital area, 
traveled under the left mastoid tip through 
the pterygoids and the maxillary sinus, and 
settled in the left suborbital area. 

Bilateral common carotid, selective left 
internal aad external carotid, left vertebral, 
and aortic arch injections were performed. 
A traumatic aneurysm of the left internal 
carotid artery was noted. In addition 
(Fig. 6, 4 and B), an arteriovenous fistula 
from the left vertebral artery to the oc- 
cipital ard posterior cervical veins, and 
laceration of the internal maxillary artery 
immediately posterior to the maxillary 
sinus were demonstrated. 


DISCUSSION 


Tumors at the base of the skull usually 
do not snow neovascularity on angiog- 
raphy. Bone tumors with intracranial ex- 
tension are exceptions to this, and tumor 
stain may be seen. Chordomas, chondro- 
mas, epidermoids, craniopharyngiomas, 
and pituitary adenomas are usually diag- 
nosed by arterial displacement, except for 
the occasional pituitary tumor which 
stains by ‘eeding via hypophyseal arteries.” 

In the chordoma we have illustrated, the 
anterior meningeal branch of the vertebral 
artery 1s supplying the tumor. The artery 
is enlarged in diameter and ends in neo- 
vascularity which supplies a small focus of 
tumor stain. 

A right common carotid arteriogram in 
this patient showed multiple small vessels 
coming from. branches of the external caro- 
tid artery, primarily the ascending pharyn- 
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Fic. 3. Chemodectoma. 
(.4-D) A 43 year old female with multiple mtracranial glomus tumors. A chemodectoma in the region of 
the foramen magnum is partially supplied by -he anterior meningeal branches (arrows) of the left (4 and B) 
and the right (C and D) vertebral arteries. 
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Fro. 4. Schwannoma. 

(4) Anteroposterior tomogram of the pe--ous bones shows bone erosion of the inferior left petrosal 
rezion. (B) Towne's projection shows the left PICA displaced toward the right (open arrow). (C) The sub- 
tracted Caldwell view shows the anterior men ngeal branch of the left vertebral artery (closed arrow) end- 
ing in an accumulation of tortuous branches ‘small arrow) at the lower extent of the tumor. 
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Fic. 5. Arteriovenous malformation. 
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(A) Lateral and (B) Towne projections of left vertebral art2riogram show a posterior fossa dural AVM 
(open arrow) fed by both the anterior (small arrow) and posterior (p) meningeal branches of the left verte- 
bral artery. Note the prominence and tortuosity of these vessels, and also the massive enlargement of the 


muscular branches (m) which also enter the AVM. 


geal branches. These fed small areas of 
tumor stain in the region of the posterior 
pharynx and nasopharynx. It was noted 
that the degree of neovascularity was not 
impressive in view of the size of the soft 
tissue mass in the posterior pharynx and 
nasopharynx. 

It would appear, therefore, that the 
growing mass had parasitized the vessels 
which normally fed the dura at the base of 
the skull causing them to enlarge in re- 
sponse to blood need. These, then, did end 
in neovascularity and a tumor stain. 

As described by  Krayenbühl and 
Ya&argil? a glomus tumor of the cerebello- 
pontine angle may be fed by branches of 
the external carotid artery, and/or by 
branches of the basilar artery. These tu- 
mors, which arise from paraganglionic struc- 
tures in the adventitia of the Jugular bulb 
are located in very close proximity to the 
dura of the floor of the posterior fossa. 

Glomus tumors are very vascular and 
act somewhat like arteriovenous malforma- 
tions, usually with enlargement of the 
feeding vessels.*” 


According to Palacios,? the blood supply 
of intratympanic and jugular chemodec- 
tomas are derived mainly from the carotid 
artery v/a the tympanic branch of the as- 
cending pharyngeal artery as well as men- 
ingeal branches of the internal carotid 
artery. 

The auditory nerve is frequently the 
sight of solitary schwannoma. The tenth 
cranial nerve (vagus) may contain a 
schwannoma as one of many neurofibromas 
in von Recklinghausen’s disease. As the 
site of a solitary tumor, however, it 1s ex- 
tremely rare. It is always extra-axial.* 

These usually do not show increased 
vasculcrity or stain on angiograms. Vascu- 
lar changes are present, however, which 
would »ecome apparent with fine focal spot 
technique, magnification, and subtraction. 
These changes are due to vascular throm- 
bosis which results in areas of necrosis, and 
often also results in hemorrhage into ad- 
jacent tissues. The normal presentation 
angiog-aphically is that of displacement of 
vessels. 

In tae case illustrated (Fig. 4, /7-C), a 
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Fic. 6. Traumatic arteriovenous fistula. 

(4) Caldwell and (B) lateral projections »f left vertebral arteriogram. There was thrombosis of the in- 

ternal jugular vein. The anterior meningeal branch (small arrow) participates in the shunt, with drainage 
via the neck veins and retrograde into the sig moid sinus (open arrow). 


schwannoma of the Xth cranial nerv2 not 
only shows displacement of the left PICA 
(posterior inferior cerebellar artery), bat we 
also see an increase in vascularity, as evi- 
denced by the accumulation of fine tortuous 
branches at the distal end of the anterior 
meningeal branch of the left vertebral 
artery, at the lower extent of the tumor. 
The anterior meningeal branch itself 5 en- 
larged in diameter. 

Infratentorial arteriovenous malforma- 
tions are sometimes small and well bcal- 
wed, or may extend over the entire zere- 
bellum. Feeding is from the vertebral 
artery and the branches of the men ngo- 
hypophyseal trunk. They may also be fed 
by branches of the external carotid artery.? 
A tortuous vascular mass usually occupies 
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an area in the leptomeninges. The main 
arteries and veins leading to and from the 
mass are also enlarged as a rule. The cere- 
bellum itself is rarely affected by major 
malformations.’ 

Our patient, 10 years previously, had had 
ligations of branches of both external 
carotid arteries for multiple arteriovenous 
malformations which were fed mainly by 
branches of the external carotid artery. 
Progressive loss of vision did not improve, 
and she came in for further work-up and 
evaluation. Bilateral carotid and left ver- 
tebral arteriograms demonstrated exten- 
sive arter ovenous malformation fed by the 
internal and external carotid arteries bi- 
laterally, and also by the left vertebral 
artery. 
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The right carotid injection showed the 
dural AVM fed by a large medial tentorial 
artery, meningeal branches arising from 
the ophthalmic artery, and by an anterior 
falx artery. On the left side, the feeding was 
similar except for the lack of feeding by 
meningeal branches of the ophthalmic 
artery. Multiple collateral branches from 
the muscular branches of the left vertebral 
artery reconstituted the occipital branch of 
the left external carotid artery, which had 
been ligated previously. The posterior fossa 
dural AVM was fed by both the anterior 
and posterior meningeal branches of the 
vertebral artery, as well as the muscular 
branches of the vertebral artery. All these 
vessels were enlarged (Fig. 5, 4 and B). 

Arteriovenous fistulae are most often due 
to trauma, and usually involve the intra- 
cavernous portion of the internal carotid 
artery resulting in direct communication 
between an artery and an adjacent vein. 
Those involving the vertebral circulation 
are rare.’ The left vertebral arteriogram in 
our patient revealed, in addition to the 
traumatic aneurysm of the left internal 
carotid artery, an arteriovenous fistula 
from the left vertebral artery to the occipi- 
tal and posterior cervical veins. In addi- 
tion, there was thrombosis of the internal 
jugular vein. Venous drainage is via the 
neck veins, and retrograde into the sigmoid 
sinus. The enlarged meningeal branches of 
the left vertebral artery participates in the 
arteriovenous shunting (Fig. 6, 4 and B). 

As stated by Newton! “Selective verte- 
bral catheterization, as well as subtraction 
techniques, greatly aid in the recognition" 
of the anterior meningeal branch of the 
vertebral artery. We have found that the 
Caldwell view is the best anteroposterior 
projection for visualization of this vessel. 

The anterior meningeal branch of the 
vertebral artery had been described previ- 
ously, and its enlargement in posterior 
fossa extra-axial tumors has been demon- 
strated. These tumors include glomus 
jugulare, meningioma, hemangioblastoma, 
metastatic hypernephroma, and plasma- 
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cytoma.^?* We have shown here enlarge- 
ment of the anterior meningeal branch of 
the vertebral artery in chordoma, chemo- 
dectoma, schwannoma, arteriovenous mal- 
formation, and arteriovenous fistula. We 
also had 2 patients with enlargement of 
this artery in meningioma, but since these 
have been so adequately described pre- 
viously*4 we have not included them 
in this report. 

It snould be noted, that enlargement of 
the anterior meningeal branch of the verte- 
bral arzery had been described only in 
neoplzs-ic lesions, whereas we now see its 
enlargement in arteriovenous malforma- 
tion, and in a traumatic arteriovenous 
fistula These neoplastic and non-neo- 
plastic lesions therefore considerably widen 
the spectrum of posterior fossa extra-axial 
lesions in which this may be seen. 

It has become obvious that this vessel 
may erlarge in many kinds of posterior 
fossa extra-axial lesions. It was seen in only 
24 per cent of normal studies,‘ and when 
present. it 1s extremely small. Therefore, 
when tae anterior meningeal branch of the 
vertebral artery is visualized, a careful 
search for extra-axial lesions should be 
made. 


CONCLUSION 


We have demonstrated enlargement and 
involvement of the anterior meningeal 
branca of the vertebral artery in nontumor 
lesions. ż.e., arteriovenous malformation, 
and trz 1matic arteriovenous fistula. 

We have added to its tumor spectrum 
by demonstrating its feeding of chordomas 
and Xth nerve schwannoma. We also have 
shown increased vascularity or stain—a 
finding not usually seen. 

The anterior meningeal branch of the 
vertebral artery is seen infrequently in 
norma. studies. When present it is ex- 
tremel; small. It has become obvious that 
this vessel may enlarge in a wide spectrum 
of posterior fossa extra-axial lesions. There- 
fore, 1 zareful search for extra-axial lesions 
should be made when the anterior menin- 
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geal branch of the vertebral artery is visual- 
ized. 

Harold Pachtman, M.D. 

Department of Radiology 

Riverside Hospital 


1600 Superior Street 
Toledo, Ohio 43604 


We are grateful to Ernest H. Wood, 
M.D. for his continuous encouragement 
and support. 
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A PRACTICAL APPROACH TO THE DIAGNOSIS 
OF CEREBELLOPONTINE ANGLE TUMORS* 


By PETER J. SONES, Jr., M.D., CYRUS M. CIOFFI, M.D., and JAMES C. HOFFMAN, Jr., M.D. 


ATLANTA, GEORGIA 


press ridge tomography followed 
by cerebellopontine angle myelography 
has been used at Emory University Hos- 
pital to diagnose and localize cerebello- 
pontine angle mass lesions. The authors 
have reviewed 50 consecutive cases to de- 
termine the value of each procedure, sepa- 
rately and in conjunction, in the diagnosis 
of cerebellopontine angle mass lesions. 

The purpose of this communication is to 
report the results of the study and to de- 
scribe a practical approach to the evalua- 
tion of cerebellopontine angle masses. 


METHOD AND MATERIAL 


In all patients tomograms of each pe- 
trous bone were obtained. Cuts of i mm. in 
depth were obtained, using a Philip’s 
polytome with a hypocycloidal motion. 

Our technique in cerebellopontine angle 
myelography 1s first to obtain scout roent- 
genograms, using the standard submento- 
vertex and posteroanterior half axial pro- 
Jections with the patient in the lateral de- 
cubitus position. The patient 1s placed in a 
prone position with the ankles secured to 
the foot of the roentgenographic table. 
Using fluoroscopic control a lumbar sub- 
arachnoid puncture is performed and 12 cc. 
of Pantopaque are instilled and manipu- 
lated into the cervical subarachnoid space. 
The patient is then turned into a lateral de- 
cubitus position with the side to be exam- 
ined dependent. The head is lowered until 
contrast medium fills the dependent cere- 
bellopontine angle. The table is then re- 
turned to the horizontal position with the 
patient's head extended. A cross table 
submentovertex exposure is made using a 
grid cassette. The head is then flexed and a 
cross table posteroanterior half axial ex- 
posure is made with the tube angled 30° to 


the canthomeatal line. Oblique spot roent- 
genozrams are obtained as needed. The 
opposite cerebellopontine angle may be 
studied by repeating the procedure just 
described. 


REPORT OF CASES 


Case 1. L.B., a 67 year old female, presented 
with dizziness and unsteady gait. Physical ex- 
amination was essentially | noncontributory. 
Audionmetry revealed good vestibular function 
and aaditory discrimination. Petrous ridge 
tomcgraphy demonstrated the right internal 
auditory canal to be 4 mm. larger than the left. 
Righ: cerebellopontine angle myelography 
showed no evidence of a mass lesion, with good 
opac fization of the internal auditory canal 
(Fig. 1, 4 and B; and 2). The explanation for 
the en arged right internal auditory canal was 
not found, and was thought to be on a congeni- 
tal basis. The patient is being followed with no 
progression of symptoms. 


Cas: 11. H.C., a 74 year old male, presented 
with dnnitus, occasional unsteadiness, and a 
slight gradual hearing loss over a 2 year period. 
Physical examination revealed left-sided neuro- 
sensory hearing loss and an augmented Rom- 
berg sign to the right. Petrous ridge tomography 
was interpreted as normal. Left cerebellopon- 
tine ar gle myelography demonstrated nonfilling 
of the left internal auditory canal, with a con- 
cave flling defect present in the same region, 
suggesting an acoustic neuroma (Fig. 3, 4 and 
B;and 4). The patient was explored by a trans- 
labyriithine approach with the removal of a 1 
cm. acoustic neuroma. 


Cast m. N.B., a 26 year old male, presented 
with a noticeable hearing deficit in the right 
ear for approximately 2 years and difficulty 
with his equilibrium for the past month. 
Physical examination showed decreased air and 
bone conduction on the right. Petrous ridge 
tomography revealed an unusual bony flaring 


* From the Section of Neuroradiology, Emory University Hospital, At anta, Georgia. 
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Fic. 1. Case 1. (4 and B) Petrous ridge tomograms with the right 
internal auditory canal 4 mm. larger than the left. 


cf the right porus acusticus. Cerebellopontine 
angle myelography demonstrated nonfilling of 
the right internal auditory canal. Vertebral 
angiography revealed a large anterior inferior 
cerebellar artery with no evidence of neovas- 
cularity or displacement (Fig. 5, /-C). The pa- 
tient was explored and a large arterial loop was 
noted obstructing the internal auditory meatus. 
No tumor was present. 


RESULTS 


All of the patients studied presented 
with one or a combination of the following 
svmptoms: dizziness; vertigo; unilateral 
retrocochlear hearing loss; and unsteady 
gait. In 62 per cent of the total cases cere- 
bellopontine angle myelography and pet- 
reus ridge tomography were both negative 
(Table 1). In 16 per cent of the cases, cere- 
bellopontine angle myelography and pet- 
rous ridge tomography were both positive. 
Ten per cent of the patients had negative 
cerebellopontine angle myelograms but 
positive petrous ridge tomograms. In 12 
per cent of the patients studied the cere- 
bellopontine angle myelograms were posi- 
tive in spite of negative petrous ridge 
tamograms. 

All 14 patients who had a positive find- 
ing on cerebellopontine angle myelography 
incladed retrocochlear hearing loss as one 
of their symptoms. Of these patients 8 had 
acoustic neuromas (Table 11). The cere- 
bellopontine angle myelograms of each of 


these patients demonstrated a mass in the 
Pantopaque-filled angle as well as nonfilling 
of the internal auditory canal. No acoustic 
neuromas were confined solely to the in- 
ternal auditory canal. Baker's! experience 
has been similar. Of the other 6 patients, 





Frc. 2. Case 1. Submentovertex view of a right cere- 
bellopontine angle myelogram demonstrating fill- 
ing of the right internal auditory canal (arrow) 
with no evidence of a mass. 
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Fic. 3. Case 11. (4 and B) Normal internal auditory canals. 


2 were found at exploration to have con- 
genitally small internal auditory canals, 1 
patient (Case 111) had an enlarged anterior 
inferior cerebellar artery obstructing the 
canal, 1 patient had a meningioma, 1 pa- 
tient had an exophytic pontine glioma, and 
I patient had an adenocarcinoma of the 
nasopharynx with extension of the mass 
into the petrous ridge. These last 3 patients 
had evidence of a mass as well as nonfilling 
of the porus acusticus. Five patients who 


Fic. 4. Case rr. There is nonfilling of the internal 


auditory canal on the left with a mass defect 
clearly present (arrows). 





had pesitive findings on petrous ridge 
tomography but negative cerebellopontine 
angle r- yelography are currently being fol- 
lowed with no evidence of tumor. 


DISCUSSION 


The anatomy of the posterior fossa as 
demonstrated by positive contrast myelog- 
raphy aas been discussed by several au- 
thors.?-^? Unlike Pribram? and Siew eż al., 
who prefer air encephalography, we believe 
that Fantopaque cisternography is the 
procedure of choice for examining the 
cerebellopontine angle, especially in pa- 
tients presenting with unilateral retro- 
cochlecr hearing loss. Routine plain skull 
roentgenograms alone are not adequate to 
evaluate the petrous ridges because of the 
superimposition of other structures. Pet- 
rous rdge tomography alone is a useful 
screening procedure in patients presenting 
without unilateral retrocochlear hearing 
loss. I“ this study proves negative, we be- 
lieve -hese patients should be followed 
clinicaly and a positive contrast medium 
studv of the posterior fossa delayed until 
hearinz loss develops. 

In »atients presenting with unilateral 
retrocochlear hearing loss, we feel that the 
first roentgenographic study should be 
Pantooaque cerebellopontine angle myelog- 
raphy. If the cerebellopontine angle myelo- 
gram s normal with good filling of the in- 
ternal auditory canals demonstrated, no 
further neuroroentgenologic work-up 1s 
needed. In these patients petrous ridge 
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tomography with its attendant irradiation 
of as great as Io rads in the unshielded pa- 
tient? may be avoided. If the cerebello- 
pontine angle myelogram shows nonfilling 
of the internal auditory canal, then by 
be-ter defining the bone changes, petrous 
ridge tomography is helpful in delineating 
the lesion. The definitive procedure, ir our 
experience, is cerebellopontine angle my- 
elography, as 2 of our patients with acous- 
tic neuromas had negative petrous ridge 
tomograms, and none of the § patents 
with a positive petrous ridge tomogram 
and normal cerebellopontine angle m-elo- 
gram have had a progression of symptoms, 
as might be expected if a tumor were pres- 
ent. 

Nonfilling of the internal auditory canal 
on Pantopaque myelography is not sufh- 
cient as an isolated finding to indicate the 
presence of a cerebellopontine angle mass. 
A filing defect in the cerebellopontine 
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Fic. 5. Case 11. (4) An unusual bony flaring 
of the right porus acusticus (arrow) is 
seen. (B) An enlarged right anterior in- 
ferior cerebellar artery with no evidence 
of neovascularity is demonstrated (arrows). 
(C) Nonfilling of the right internal audi- 
tory canal with no mass defect (arrow) is 
illustrated. 


angle must be demonstrated, as there are 
other causes for nonfilling of the internal 
auditory canal beside tumor. Nonfilling 
may result from congenitally small canals, 
occlusion by vascular structures, or arach- 
noid adhesions. In our series nonfilling of 
the internal auditory canal occurred in the 
absence of tumor in 3 cases. Two of these 


TABLE I 


COMPARATIVE RESULTS OF CEREBELLOPONTINE 
ANGLE MYELOGRAPHY AND PETROUS 
RIDGE TOMOGRAPHY 











"E" No. of |P ti 
Results of Studies ei yc ed 
CPAM— PRT— 3! 62 

ab + 8 16 

" db. [ 10 

dis — 6 12 











CPAM - cerebellopontine angle myelography. 
PRT- petrous ridge tomography. 
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TABLE II 


CLINICAL FINDINGS AND PATHOLOGY IN PATIENTS WITH POSITIVE CEREBELLOPONTINE ANGLE MYELOGRAPHY 





Patient Symptoms 

A.G. Headaches, right hearing loss 
H.C Tinnitus, left hearing loss 
K.P. Right hearing loss 

J.W. Tinnitus, left hearing loss 
R.H. Left hearing loss 

W.S. Tinnitus, right hearing loss 
LT. Ataxia, right hearing loss 
V.B Left hearing loss 

M.O Headaches, right hearing loss 
R.G. Sudden right hearing loss 
Ls Ataxia, left hearing loss 
H.Wh. Dizziness, left hearing loss 
N.B. Dizziness, right hearing loss 
H.We. Pain left ear and face 


Results of Studies Abnormality/Lesion 


CPAM + PRT + 


Acoustic neuroma 


+ — Acoustic neuroma 

-+ + Acoustic neuroma 

+ -+ Acoustic neuroma 

+ + Acoustic neuroma 

4- + Acoustic neuroma 

+ — Acoustic neuroma 

+ + Acoustic neuroma 

+ c Congenitally small right 
internal auditory canal 

+ — Meningioma of right 
cerebellopontine angle 

EE — Exophytic pontine glioma 

d — Congenital stenosis of left 
internal auditory canal 

4 d Large loop AICA filling 
rght internal auditory 
canal 

+ z Metastatic adenocarci- 


noma from nasopharynx 





CPAM - cerebellopontine angle myelography. 
PRT= petrous ridge tomography. 
AICA= anterior inferior cerebellar artery. 


had congenitally small canals and the 
other had a vascular compromise. We be- 
leve that unless a definitive concave de- 
fect is seen in the Pantopaque column, ex- 
ploratory surgery is not indicated, and the 
cerebellopontine angle myelogram should 
be repeated in 3 to 6 months. 

In conclusion, petrous ridge tomography 
Is a useful screening procedure in patients 
presenting with vertigo and without evi- 
dence of retrocochlear hearing loss. If the 
tomograms show no abnormalitv, these 
patients may be followed. In patients pre- 
senting with unilateral hearing loss, Panto- 
paque cerebellopontine angle mvelography 
is the procedure of choice and should be the 
initial examination. If the internal auditory 
canal fills; no further roentgenographic 
study is needed. 


SUMMARY 


The authors have reviewed petrous ridge 
tomography and cerebellopontine angle 


myelography in 50 patients presenting 
with various symptoms including dizziness, 
vertigc, unsteady gait, and unilateral hear- 
ing loss, in order to ascertain the value of 
each procedure and to develop a practical 
approach in diagnosing cerebellopontine 
angle raass lesions. 

Petrous ridge tomography 1s a useful 
screening procedure which should be used 
judiacusly, since it involves significant 
irradiation to the eye. 

In patients with unilateral retrocochlear 
hearmz loss, Pantopaque cerebellopontine 
angle myelography, which is the definitive 
procedure, should be performed first. 


Peter L Sones, Jr., M.D. 

Secticn of Neuroradiology 
Emory University Clinic 

1365 Clifton Road, N. E. 

Atlanta, Georgia 30322 
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A COMBINED TECHNIQUE FOR INVESTIGATION OF 
THE CEREBELLO-PONTINE ANGLE CISTERN 
AND INTERNAL AUDITORY CANAL* 


By LEON MORRIS, M.B., F.F.R., and IAN 3. WYLIE, F.R.C.S., E.F.R. 


LONDON, ENGLAND 


ADVANCES in neurosurgical and otologic 
techniques, especially the develop- 
ment of the translabyrinthine approach 
with the use of the dissecting microscope,’ 
have made possible the uncomplicated re- 
moval of even the smallest lesions in the 
internal auditory canal or cerebello-pontine 
angle cistern. Included in this category are 
those lesions confined to the internal audi- 
tory canal which may only be adequately 
demonstrated or excluded by positive con- 
trast cisternography. This technique has 
been used for many vears and is described 
by many workers.!2:4-910.15.1417 Sha fron and 
Wiener," and Burrows‘ had used tomog- 
raphy during positive contrast cisternog- 
raphy and Dorland eż 4/5 also mentioned 
the use of tomography. However, it was 
Valvassori,5 who first fully described the 
findings with a technique using positive 
contrast cisternography and tomography. 

Small lesions can be demonstrated by gas 
cisternography,*!? but these lesions must 
be projecting, at least in part, into the 
cerebello-pontine angle cistern in order to 
show a defect in the gas-filled cistern. 

These basic approaches to the evalua- 
tion of these lesions each have their protag- 
onists. Other workers have attempted to 
tailor the investigation to the suspected 
size of the lesion. Wende and Lüdecke! dis- 
cussed both gas and positive contrast 
cisternography and concluded that the for- 
mer was more useful if the clinical features 
suggested a large lesion, and the latter 
should be used for small lesions. Similarly, 
BulP recommended pneumoencephalography 
for large tumors and positive contrast 
cisternography for small tumors. 

With the possible exception of very large 


tumors, it is often extremely difficult, on 
clinical grounds, to predict accurately the 
size of the lesion. We are also of the opinion 
that lesions projecting into the cerebello- 
pontine angle cistern can be demonstrated 
most adequately by gas cisternography 
with -omography. Positive contrast cis- 
ternography will demonstrate these lesions 
but may require the use of large amounts of 
contrast material^? and this in itself, be- 
cause of the radiodensity of the contrast 
mater al, may obscure part of the lesion or 
make evaluation of the internal auditory 
canal more difficult. In addition, it may not 
be possible to assess changes in the brain 
stem, and it is certainly not possible to 
demonstrate the position, size and shape of 
the ventricular system using positive con- 
trast medium only. 


METHOD 


Gas cisternography is carried out as pre- 
viously described by Morris and Wylie” 
and includes a complete examination of the 
ventricular system and basal cisterns. 


POSITIVE CONTRAST CISTERNOGRAPHY 


The examination is usually performed 
under basal sedation (Valium and Fortral) 
unless it follows immediately on the pneu- 
moenzephalography, in which case the pa- 
tient ‘s under general anesthesia. 

The patient is placed in the Isocentric 
chair in a sitting position (Fig. 1) and the 
chair 1s adjusted so that the external audi- 
tory meatus is at the Isocentric point. 

An amount of 1.5-2 ml. of positive con- 
trast agent Is injected after lumbar punc- 
ture. The chair is rotated 9o? around the 
Isocentric point so that the spine of the 


* From the Radiodiagnostic Department and the Section of Neurological Science, The London Hospital, Whitechapel, London, 


Er 1BB, England. 
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patient is horizontal and the chair is then 
rotated around its base about 50° se that 
the side under investigation 1s deperdent 
‘Fig. 2). If the examination follows a 
»neumoencephalography, the patient can 
»e placed in this position prior to contrast 
medium injection, the needle being zz situ. 
The main arm of the Diagnost N (Ph lips) 
is then adjusted so that the beam is hori- 
zontal and under screen control is centered 
to the relevant area. The base of the spine 
is elevated so that the head becomes de- 
pendent and the transfer of contras: me- 
divm is monitored under screen control so 
that it can be seen to enter the basal cis- 
terns (Fig. 3). Minor adjustments in chair 
end tube movement can be made at this 
stage to visualize the upper cervical spine, 
skull base and petrous bone regions. 

Once the contrast medium is seen to 
come to lie over the back face of the petrous 


Cerebello-Pontine Angle and Internal Auditory Canal 





56I 


Fic. 1. Erect position fer coronal tomography of the cerebello- 
pontine angle cistern and brain stem. 


bone in the region of the porus acusticus 
and to ov tline the arcuate eminence of the 
petrous bone, the chair can be rotated so 
that the patient is in a more horizontal 
position. This prevents any supratentorial 
spill of contrast material, while retaining 
contrast material in the region of the porus 
acusticus. A normal internal auditory 
canal will be seen to fill at this stage. The 
position is similar to that shown in Figure 
2. Further adjustments under screen con- 
trol can then be made by rotating the chair 
around its base so that the internal audi- 
tory canal is seen to best advantage. We 
have found that the best visualization 1s 
with the sagittal plane at about an angle of 
20° to the horizontal. The full decubitus 
position (z.e. with the sagittal plane hori- 
zontal) allows contrast material to run 
laterally away from the region of the porus 
acusticus. The level of tomographic sec- 
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Fic. 3. The base of the spine is elevated to allow -he contrast medium to run 
into the right cerebello-pontine argle cistern. 


zu 
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Frc. 2. Horizontal position after the injection of positive contrast medium; the patient is rotated so that the 
side to be examined (right) is dependent. X-ray beam is horizontal. 


tion is then selected (about midway from 
the outer canthus to the external auditory 
meatus on the side being examined) and 
tomography is commenced. This position 
Is, in fact, a "cross-table frontal oblique 
projection." Once the area of interest has 
been localized, tomographic sections at 
O.25 mm. spacings are obtained. 

If it is desirable to examine the opposite 

















side, the chair can be returned to the verti- 
cal position to empty the cerebello-pontine 
angle cistern and the procedure can be re- 
peated with the opposite side dependent 
(Fig. 4). 

Results have shown that it has been pos- 
sible m practically all cases to obtain an 
adequate examination of the angle cistern. 
Occasionally, difficulties have arisen due to 








Fic. 4. The patient is rotated so that tre left side is dependent. 
X-ray tube in position for tomography. 








Fic. §. Small left acoustic nerve tumor projecting 
just beyond the porus. The internal auditory canal 
is widened. The tumor displaces the trigeminal 
nerve (arrowhead). 


marked spinal deformity, 7.e., kyphosis or 
scoliosis, in which case it may be difficult 
to transfer the contrast material from the 
sacral to the upper cervical regions. In these 
instances, the patient is placed in the true 
decubitus position initially, and this aids 
the transfer of contrast material in a cranial 
direction. 


DISCUSSION 


The method described has the basic ad- 





Fic. 6. Small left acoustic nerve tumor projecting 
just beyond the porus. The internal auditory canal 
is widened. The tumor slightly displaces the tri- 
geminal nerve (arrowhead). 
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Fic. 7 Medium-sized left acoustic nerve tumor im- 
pimging on cerebello-pontine angle cistern and 
flat ening the left side of the brain stem. 


vantice of flexibility. As stated, we con- 
sider that gas cisternography is the best 
method to demonstrate those lesions pro- 
jecting into the cerebello-pontine angle 
cistern. This is so even with small lesions 
(Fig. ^; and 6), and even in these there is 
the added advantage that the relationship 
of the lesion to the trigeminal nerve can be 
demorstrated. Larger lesions impinging on 
the brain stem, with or without clinical 
evidence of this (Fig. 7; and 8), are clearly 
outimed. Where the lesion is very large, 
i.e., deforming the brain stem and fourth 
ventricle, the effects of the lesion on these 
struetares can be seen (Fig. 9; and 10, 4 





Fic. 8. Medium-sized right acoustic nerve tumor im- 
piaging on cerebello-pontine angle cistern and 
flattening the right side of the brain stem. 
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and B). With earlier clinical suspicion of 
these lesions, we have seen relatively few 
tumors of this large size. In these cases, 
therefore, gas cisternography completely 
fulfills the basic requirements after demon- 
strating the size and shape of the lesicn and 
its effect on related structures. The true 
size of that part of the lesion extending 
beyond the internal auditory canal can be 
measured as the apparatus used has a con- 
stant magnification factor. 

In those cases where the pneumoenceph- 
alography fails to show a lesion, or where 
positive contrast cisternography is the first 
examination, this latter form of investiga- 
tion will allow us to determine whether or 





not a lesion is present. A normal meato- Fis. 9. Large right acoustic nerve tumor. The brain 
gram (Fig. 11) will positively exclude a 
lesion. A positive contrast meatogram, 
either after pneumoencephalography (Fig. 
12, 4 and B; and 13, 4 and B) or con- 
ducted as a primary procedure (Fig. 14, 


stem is fattened and rotated and the fourth ven- 
tricle is fattened on its right side. 





Fic. 10. Massive right acoustic nerve tumor. (77) 
Lateral tomogram showing deformity ¿nd rotation 
of fourth ventricle. (B) Straight posteroanterior 
tomogram showing elevation of floor of the fourth 
ventricle on the right side. (C) Angled postero- 
anterior tomogram showing displacerment of the 
body of the fourth ventricle to the left. 





Fic. 11. Tomogram through the contrast-filled 
internal auditory canal. Normal appearances. 


A and B) will prove the presence of a lesion, 
and this type of case illustrates the fact 
that no procedure other than positive con- 
trast cisternography could possibly have 
demonstrated the lesion. Difficulty in diag- 
nosis may arise where some contrast ma- 
terial enters but does not completely fill 
the canal. Valvassori" has dealt with this 
subject, but we have found that relatively 
minor abnormalities (Fig. 15, 7 and B; 16, 
A and B; and 17, 4 and B) may be im- 
possible to assess, and in these cases we 
think that it is probably preferable to wait 
for a short time (3-6 months) and repeat 
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the examination before attempting to reach 
a defiritive conclusion. This policy 1s borne 
out by the fact that the smallest lesion 
which we have found and which has been 
surgicilly confirmed, 0.5 cm. (Fig. 12, 4 
and B) caused complete obstruction to the 
canal, ind we feel that it may be unwise to 
attempt to diagnose with certainty lesions 
smaller than this. The findings of Baker? of 
10 false positive "non-tumors" due to a 
small c-nal filled by normal structures, ad- 
hesiors. or tufts of arachnoid, support this 
view. 

A practical problem is the choice of the 
first examination. Gas cisternography fol- 
lowed by positive contrast cisternography 
is a feasible procedure, but pneumoen- 
cephalography requires a general anesthetic 
and is more disturbing to the patient. One 
may, therefore, wish to avoid pneumoen- 
cephalegraphy if this 1s possible. If positive 
contrast cisternography is employed as a 
primzrv procedure and the lesion is found 
to be too large to be adequately demon- 
strated by a small amount of contrast ma- 
terial, a pneumoencephalogram would be- 
come necessary. In this situation an anes- 
thetic would have to be administered in the 
midd e of the procedure, or the pneumo- 
encephalography would have to be de- 
ferrec. Also, it may not always be possible 





Fic. 12. Intracanalicular tumor. (4) Pneumoencephalogram, No abnormality is seen in either cerebello- 
pontine angle cistern. (B) Positive contrast cisternogram. ‘The internal auditory canal 1s blocked at the 
porus. A 0.5 cm. tumor was present. Histologically, a small vascular malformation was demonstrated. 
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Fic. 13. Intracanalicular acoustic nerve tumor. (4) Normal cerebello-pontine angle cistern at pneumoen- 
cephalography. (B) Positive contrast cisternogram. The internal auditory canal is blocked at the porus. 





Fie. 14. Positive contrast cisternograms. (4) The Fic. 15. (4) Minor deformity in the internal auditory 
mght internal auditory canal is normal. (8. The canal in its lateral aspect (arrowhead). Doubtful 
left canal is blocked at the porus by acoustic nerve appearances. (B) Second examination after 6 
rumor. months. No change. 
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Fic. 16. (4) The right internal auditory canal is only 
partly filled with contrast medium. Considered 
strongly suggestive of a mass lesion. (B) Repeat 
examination 6 months later. The canal is less well 
filled, indicating growth in size of the lesion. Opera- 
tion confirmed the presence of a right acoustic 
neuroma. 


to clear the positive contrast material from 
the cerebello-pontine angle cistern prior to 
pneumoencephalography, and this contrast 
material may obscure detail. As stated be- 
fore, we do not favor the use of large 
amounts of positive contrast material. 

As a general rule, it has been found prac- 
ticable to start with gas cisternography in 
those cases where there is clinical evidence 
of extension of the lesion beyond the porus 
(trigeminal involvement, brain stem signs, 
etc.) or if there are obvious bone changes in 
the petrous apex, porus acusticus or in- 
ternal auditory canal. If this is negative, 
one may proceed to positive contrast cis- 
ternography (Fig. 12, 4 and B; and 13, 
A and B). 

If the clinical evidence is less definite 
(sensineural or partial deafness, abnormal 
caloric responses) with no or minimal bone 
change, positive contrast material is used 
initially. This is still not always foolproof. 
One case (Fig. 18, 4 and B) showed canal 
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dilate tion only just outside the accepted 
limits of normal,” yet there was a mod- 
erate.y sized lesion present in the cerebello- 
pontine angle cistern. 

It should be stressed that with the use of 


the modified “‘cross-table frontal projec- 


tion," the whole length of the internal 
auditory canal is almost vertical and there- 
fore parallel to the plane of tomographic 
secticr. Dorland eż 47? described a similar 
projection, but in most other techniques, 
with tae patient prone oblique and the 
beam directed posteroanterior,!® the posi- 
tion is a variant of the Stenver’s position 
and this in itself will result in foreshorten- 
ing cf the internal auditory canal. The 
techricue can also be used for assessment 
of the jugular canal (Fig. 19). 
Three definitive conclusions may be 
drawn: 
1. If the lesion is projecting into the 
cerebello-pontine angle cistern, 


gas 





Fic. 17. Same case as in Figure 16. (4) Left meato- 
gram. The lateral part of the canal is unfilled. (B) 
Repe- t examination 6 months later. Normal filling 
of the whole canal, indicating that the earlier 
par-1ial filling was artifactual. 
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cisternography will show it tc best 

advantage and demonstrate its effects 

on adjacent structures. 

If the lesion is intracanalicular, only 

positive contrast cisternography can 

demonstrate it. 

3. The roentgenographic position used 
in this study for positive coatrast 
cisternography is almost ideal in that 
the plane of tomographic section 
nearly corresponds to the full length 
of the internal auditory canal. 


t2 


SUMMARY 


The problems of investigating lesiens in 
the internal auditory canal and cerebello- 
pontine angle cistern are outlined. 

A method to investigate these lesions 
with negative or positive contrast mz terial 
and using tomography is described. 

Criteria for the choice of method are 








Frc. 18. Medium-sized acoustic nerve tumar. (4) 
Tomogram shows the right canal 2 mm. wider than 
the left with slight widening of the porus. (B) 
Pneumoencephalogram shows 1.5 cm. tumor im- 
pinging on the cerebello-pontine angle cistern and 
deforming the brain stem. 


Cerebello-Pontine Angle and Internal Auditory Canal 
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Fic, 19. Pesitive contrast cisternogram. The internal 
auditory canal is filled normally (arrow). Contrast 
medium is seen outlining the neurovascular struc- 
tures in the jugular canal. The canal is wide, but 
no mass lesion is present (arrowheads). 


discussec, and cases showing the findings in 
lesions o! varving size are illustrated. 


Leon Morris, M.B. 
Radiodiagnostic Department 
London Hospital, Whitechapel 
London E! IBB, England 
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PEG "WAVES"* 


By HAROLD Z. LEHRER, M.D. 


ROOSEVELT ISLAND, NEW YORK 


P. eben m levels produced within the 
ventricles and subarachnoid s»aces 
during pneumoencephalography (PEC) are 
often wave-like in contour? (Fig. 1,1. To 
investigate the frequency with which these 
PEG “waves” occur and to determine 
whether their presence correlates with 
clinical or cerebrospinal fluid (CSF ab- 
normalities, 135 consecutive cerebrzl air 
studies were evaluated. 

The majority of the 135 patients in this 
series were studied for atrophic and degen- 
erative conditions, although some tumors 
and infectious conditions were incladed. 
There was a wide age distribution, from 
months to 89 years, with the number »f fe- 
males slightly predominant over the 1um- 
ber of males, 73 to 62. Cerebrospinal fluid 
protein levels ranged from low normal to 
markedly elevated. 

The pneumoencephalograms were done 
by the usual fractional technique,? air 
beng introduced in several fairly slow 10 
or 1; cc. injections up to a total amount of 
40 to 60 cc. No more than a few cc. of 
flu’ were removed until later stages cf the 


study. 


RESULTS 


PEG “waves” occurred commonly 11 the 
lateral ventricles (Fig. 1; and 2, Z and B), 
but much less frequently elsewhere. In fact, 
in this series they were found to some de- 
gree on early filling films of the lateral ven- 
tricle in approximately 3 cases out of every 
4 (97 of 135, or 72 per cent). There was no 
apparent correlation with CSF protein 
levels. Thus the occurrence of 2EG 
“waves” in the lateral ventricles on early 
filling films of pneumoencephalograph» can 
Ee considered normal or typical and cer- 
tainly does not imply an increase in CSF 
protein. 





Fic. 1. Typical PEG “waves” (actually, a foam of 
air bubb es and CSF) shown in the lateral view 
during early filling of the lateral ventricles. The 
patient was an elderly male with normal CSF pro- 
tein. Subsequent roentgenograms showed dilated 
cortical salci but the “waves” disappeared. 


As the air study proceeds, and more air 
fills the lateral ventricles, the PEG “waves” 
disappear, often first becoming irregular 
and of longer “wavelength,” (Fig. 2, 4 and 
B). Where there is unequal filling of the 
lateral ventricles early in the study, almost 
invariably the wave-like appearance is 
more proaounced in the ventricle which is 
less well filled. In most cases PEG "waves" 
disappear by the time brow-up roentgeno- 
grams are obtained, although at times they 
persist and can be observed along the infer- 
ior aspect of the frontal horns or even pass- 
ing through the foramen of Monro. 

In a few patients (14 of 135) "waves" 
were present on early PEG films in "atyp- 
ical" locations, other than (or in addition 
to) the lateral ventricles. These sites in- 
cluded the basal cisterns, fourth ventricle, 
third ventricle and superior cerebellar 
cisterns. In I infant with hydrocephalus, 
"waves" were present in continuity 
through a dilated third ventricle, aqueduct 
and fourth ventricle. In all cases where 
“waves” occurred at atypical sites, there’ 
was considerable dilatation of the ventricles 


* From the Department of Radiology, New York Medic=] College— Metropolitan Hospital Center, Bird S. Coler Hospital, Roosevelt 


Islard, New York, New York. 
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Fic. 2. (4) Typical lateral ventricle PEG “waves” 
in a 65 year old female examined for dementia. 
(B) As more air was introduced, the waves" were 
of longer "wavelength" and thus became less 
prominent. Although it is not too striking in this 
example, PEG “waves” are generally more pro- 
nounced in the less well-filled ventricle, when 
filling is asymmetric. 


or cisterns concerned. 

In 30 cases, or 22 per cent of the series, 
PEG “waves” were entirely absent. In this 
group of patients, females outnumbered 
males 22 to 8. 


THE NATURE OF PEG “WAVES” 


Although cerebrospinal fluid pulsations 
exist and have been correlated with the 
arterial and venous pulses?^!? as well as 
with slower fluctuations due to respira- 
tion,*!? PEG “waves” are not true waves 
at all. The wave-like air fluid levels seen at 
pneumoencephalography are made up of 
bubbles of air and CSF which have com- 
bined to form an unstable foam.? 5^! A 
wave-like appearance is simulated because 
the upper surfaces of the air bubbles are 
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often c aite thin and usually do not visualize 
in lateral views. The approximately spheri- 
cal aut ines of the bubbles may be more ap- 
parent in frontal views, especially in hydro- 
cephalic patients. 

One can reproduce PEG "waves" in 
vitro by bubbling air through a glass flask 
containing CSF and air? Even more 
simply, a foam lasting 2 to 4 minutes can 
be produced in a partially filled bottle or 
tube ot CSF* by shaking it. After shaking 
is stopped the foam decays irregularly. The 
last bubbles to burst are those at the ends 
of the air-fluid level in contact with the 
glass bottle or tube. 


FOAM FORMATION AND CSF CONSTITUTION 


A foam is a coarse dispersion of gas in a 
liquid achieved by agitating or bubbling 
the gas and liquid together. Most of the 
volume of a foam is gas with liquid present 
only m thin layers (called lamellae) be- 
tween the gas bubbles.’ A foam begins to 
decay immediately after agitation or bub- 
bling of the gas ceases, because liquid drains 
from the lamellae under the influence of 
gravity and surface tension forces.’ Al- 
thoug. the decay of a foam is often roughly 
expenential, it should be noted that “‘foams 
may collapse irregularly, perhaps leaving 
blocks of foam stranded on the sides of a 
vessel while the last few bubbles often 
prove exceptionally persistent."! In gen- 
eral, as a foam decays, larger bubbles tend 
to grow even larger at the expense of small- 
er because of physical factors.’ 

Extremely small amounts of some sur- 
face active materials, such as saponins, 
promote significant foaming, since thev 
beceme concentrated at the surface of the 
fluid cut of all proportion to their over-all 
bulk concentration. Thus, in one experi- 
ment,’ the life of a foam produced in a 
saponan solution measured 170 seconds for 
a I per cent solution. Foam life decreased 
to nha seconds for a } per cent solution, vet 
still remained 120 seconds for a solution of 
saporrn as dilute as .008 per cent. 


* Q Pak spinal fluid control available from Travenol Labora- 
tories, Ir -., Costa Mesa, California 92626. 
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Protein solutions, including albumins, 
prcmote foaming if not in quite as d lute 
corcentrations as saponins.‘ Their beh: vior 
with decreasing bulk concentration is also 
qualitatively fairly similar although more 
complex because the foaming of prctein 
solutions is also affected by pH and the 
concentration of polyvalent cations, es- 
pecially calcium ions.‘ Other surface active 
components in CSF, especially phosvho- 
lmpids,® may contribute to foaming. 

High viscosity in a bulk fluid tends to 
interfere with drainage of liquid from the 
tain lamellae of a foam." This is familiar 
from commercial applications in aerosols. 
For the patients in this series with in- 
creased CSF protein, however, this viscos- 
ity effect appears to have been relatively 
miror since their PEG “waves” did not 
appear to differ noticeably from those of 
patents with normal CSF protein levels. 


M=CHANICAL FACTORS IN FOAM PRODUC- 
TION IN RELATION TO THE FORMATION 
OF PEG “WAVES” 


Gas introduced through a capillary tube 
within a fluid produces bubbles. Their size 
depends in a fairly complicated way upon 
the size of the tube, its orientation and the 
rete at which the gas is introduced.^* At 
low gas velocity, the radius R of the bubble 
Is proportional to the cube root of the 
radius of the capillary tube, r. Under tl ese 
conditions, the buoyancy force approxi- 
mately equals the surface tension force. 

The orientation of the capillary tube is 
Important, since it is found experimentally 
that a vertically oriented capillary tibe 
gives rise to bubbles which are twice as 
large as those emanating from a horizortal 
tube.*^ Finally, increasing the rate at which 
gas is bubbled through the capillary tabe 
may yield bubbles whose size is in excess 
of those produced by slow bubbling.‘ 

These considerations can be applied to 
arrive at an understanding of the mechan- 
ical factors tending to promote the forna- 
tion of PEG “waves” in the lateral ven-ri- 
cles during pneumoencephalography. They 
are not due to pulsation of the ventric es, 
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for although the ventricles dilate at pneu- 
moencephalography,???!5 there is little or 
no pulsatile movement of the lateral ven- 
tricles.? Moreover, Robertson'?!5 has shown 
that essentially the same filling mechan- 
isms occur during pneumoencephalography 
in cadavers as in patients. According to 
Robertson," after 12 ml. of gas was injected 
into the lumbar region with the head flexed 
to 45^ and lateral films were exposed at a 
rate of 2 films per second: “Gas appeared 
in the cisterna magna during the third 
second and in the fourth ventricle at the 
fifth second. At five and one half seconds 
the fourth ventricle was fairly well filled 
and the third ventricle was seen to be fill- 
ing. During the sixth second, the gas level 
had fallen to the level of the foramen of 
Monro and suddenly a fair volume of gas 
appeared in the lateral ventricles. At seven 
seconds, more gas was seen in the lateral 
ventricles and the amount increased until, 
after nine seconds, no further change oc- 
curred.” (Italics those of the present 
author.) Amler,! performing pneumoen- 
cephalography under direct vision using an 
image amplifier also was impressed by the 
rapidity of filling of the lateral ventricles. 
He noted that it occurred in an unexpect- 
edly rapid blow-like fashion after air first 
had “stagnated” for a few seconds within 
the third ventricle. Amler! also reported 
seeing wave-like air fluid levels in PEGs 
done in children and hydrocephalic adults, 
although he erroneously attributed them to 
to-and-fro head movements. 

Correlating these observed events at 
pneumoencephalography with the physical 
factors involved in foam formation dis- 
cussed earlier, one can conclude that PEG 
"waves" tend to form within the lateral 
ventricles during the early stages of ven- 
tricular filling because of the sudden high 
rate of air influx as air first reaches the 
foramen of Monro. This is when buoyancy 
forces are maximal; z.e., the height of the 
fluid level within the lateral ventricle is 
greatest and it is also when the lateral 
ventricles are most distensible.!?:15:16 The 
influx of air into the lateral ventricles is 
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aided by the relatively large size of the 
foramina of Monro and their more or less 
vertical position, along with the anterior 
wall of the third ventricle, during flexion 
of the patient’s head. There is a tendency 
for PEG “‘waves” to be more striking and 
persistent in hydrocephalics? probably re- 
flecting enlargement of the foramina of 
Monro in these patients and a relative 1n- 
crease in pressure head because of the 
large ventricles. The presence of PEG 
*waves" at atypical sites other than the 
lateral ventricles, also seems to be pro- 
moted by the presence of unusually dilated 
channels. 


SUMMARY 


PEG “waves”? were found at air-fluid 
interfaces in the lateral ventricles on early 
filling roentgenograms in about 75 per cent 
of patients in this series of 135 consecutive 
air studies. PEG "waves" were found at 
atypical sites (other than the lateral ven- 
tricles) in 14 cases. PEG "waves" were en- 
tirely absent in approximately 22 per cent 
of patients, the majority of whom were 
females. 

Analysis of the roentgenographic ap- 
pearance of these PEG “waves” leads to 
the conclusion that they represent a foam 
of air bubbles and CSF. The fact that this 
foam tends to form most often in the lateral 
ventricles correlates with the very rapid 
rate at which air has been observed to 
enter the lateral ventricles through the 
foramina of Monro during the first stages 
of ventricular filling at pneumoencephalog- 
raphy. This rapid inrush of air under 
buoyancy and surface tension forces dur- 
ing early filling 1s promoted by certain 
physical factors: 


I. The foramina of Monro are relatively 
large and are approximately vertical 
in position, along with the anterior wall 
of the third ventricle, when the patient's 
head is slightly flexed. 

2. Maximal pressure head as well as max- 
imal ventricular distensibility occur at 
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the beginning of lateral ventricular 
fillimg. 


It is observed that, when there 1s asym- 
metric filling of the lateral ventricles, PEG 
*wave:" are generally more prominent in 
the lateral ventricle which is less well filled. 
Furthe-more, the “wavelength” of PEG 
“wave” becomes longer as more air is in- 
troduced. Both of these observations can 
be explained by the tendency of an air-CSF 
foam to decay within a few minutes with 
larger bubbles persisting and growing at 
the expense of smaller ones. 

Although it might have been anticipated 
that aa increased spinal fluid protein con- 
tent should tend to make PEG "waves" 
more persistent, this effect was not ob- 
served. Two plausible explanations for 
this ap pears to be that: 


1. Prcceins are not the only surface active 
material in CSF. 

2. Sur-ace active materials, since they 
are concentrated at air-fluid interfaces, 
affect foam formation to a much greater 
anc more uniform degree than one 
might otherwise expect from their sim- 
ple bulk concentration. 


Department of Radiology 

New York Medical College—Metropolitan 
Hospital Center 

Bird S. Coler Hospital 

Roosevelt Island, New York, New York 10017 
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A “PIGGY-BACK” BULLET WOUND OF THE HEAD* 


By ROBERT S. SHACKLETT, M.D.,f KENNETH D. DOLAN, M.D.,t 
and EARL F. ROSE, M.D., L.L.B.§ 


IOWA CITY, IOWA 


| ‘HE skull represents a unique area in 


which a gunshot injury is rather easy 
to evaluate roentgenologically. Since the 
skull 1s a closed area, the radiologist can 
demonstrate entrance and exit sites in a 
penetrating wound. Skull bone fragments 
will often be propelled into the brain at the 
site of entrance of a bullet. Similarily, bone 
fragments may be displaced into subcuta- 
neous location at the exit wound. Metal 
fragments along the bullet track may give 
evidence of the direction taken by the 
bullet. If the bullet loses enough kinetic 
energy during brain excursion, it may re- 
main within the skull and can easily be 
located on roentgenograms. The clinical 
advantages of a skull roentgen examination 
are evident and may aid in assessing what 
vital brain or vascular structures have been 
injured. 

The skull roentgenologic examination 
may also be of value to the forensic patholo- 
gist in his prospective evaluation before 
autopsy. Clues to the type of injury mav be 
defined on roentgenographic study of the 
bullet fragments present. 

We recently encountered a case in which 
the skull roentgenogram alerted the pathol- 
ogist to the presence of an unusual form of 
injury, the so-called 'piggy-back" bullet 
wound. 


REPORT OF A CASE 


A §2 year old white man was admitted to the 
emergency room in a comatose condition with a 
diagnosis of a gunshot wound of the head. He 
was completely unresponsive, and no move- 
ment resulted from deep, noxious stimulation. 

Skull roentgenograms were obtained and re- 
vealed a single, oval, lucent skull entrance 
defect in the right temporal area. Figure 1, 4 





Fic. 1. (4) A frontal skull view with a temporal bone 
defect cn the right, medial to which are bone and 
metallic fragments indicating an entrance gunshot 
wound. Two bullets are present on the left. The 
lower bullet is the leading portion, and the upper 
bullet is the propulsive portion of a “‘piggy-back”’ 
missile. (B) A lateral view of the same skull. 
Bullet positions are the same as in Z. 


* From the Laboratory Service, V.A. Hospital,t and the Departments of Radiology,t and Pathology,$ University of Iowa, Iowa 
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and B, illustrates the frontal and lateral views 
which were obtained. No other skull wound was 
present. The left parietal-occipital area con- 
taimed 2 rather complete bullet fragments. Tiny 
metal fragments demonstrated the left postero- 
lateral direction which the bullets took. 

The patient remained unresponsive despite 
supportive care and died 48 hours after admis- 
sion. 

Past history was well documented, because 
the patient had been evaluated for an embry- 
onal carcinoma of both testes 12 years earlier 
anc had been followed regularly. He had been 
treated with bilateral orchiectomy and retro- 
peritoneal lymph node dissection at that time. 
One periaortic lymph node contained metastatic 
embryonal carcinoma. He also had been hos- 
pitalized for chronic alcoholism 2 years before 
this admission. There was no previous history 
of gunshot or head injury of any sort. 

Autopsy examination of the body revealed a 
single wound in the right temporal area that 
was consistent with an entrance type of gun- 
shot wound.? Associated with the cutaneous 
wound was ag mm. circular defect of the right 
temporal bone outer table and a 1.5 cm. 
“dished out" defect of the inner table. The 
dura was torn and “blackened” under the bone 
defect. Two bullets were found in the subdural 
area of the left occipital region. Examination of 
the brain revealed a single bullet track ex-end- 
ing from the right sylvian fissure and temporal 
lobe in a left posterior direction to the tip of the 
left occipital lobe. 

Other incidental findings were: evidence of a 
recent myocardial infarct (approximately 5; 
days old); and no evidence of recurrent em- 
bryonal carcinoma. 

The general investigation of this ca:e re- 
vealed that the patient was a childless, divorced 
man who worked as a painter. He was a rather 
difficult individual, particularly when drinking. 
He had been living in a single room of a room- 
ing house for several years. He was found by 
ancther boarder who, after knocking and re- 
celving no response, entered the room and 
found the victim lying on his bed with a .32 
caliber revolver beside him. A suicide note was 
found. An acquaintance identified the gun as 
one belonging to the victim. 


DISCUSSION 


Cushing, as quoted by Hooper ef a/. 
called attention to the temporal area as the 
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favorite site for self-inflicted gunshot wounds. 
A single entrance wound is incongruous 
with the presence of 2 bullets unless it 1s 
assumed that both entered the skull through 
the same defect. The roentgenologic ex- 
amination was the first clue to the presence 
of the “piggy-back” arrangement of the 
bullets which entered the skull. If one 
studies the roentgenographic appearance 
of the bullets shown in Figure 1, Z and 5, 
it is apparent that the lower bullet has a , 
flattened distal tip in the frontal view. The 
flattening implies that this was the bullet 
which first passed through the skull. The 
lower bullet also has a concave base in the 
frontal view which conforms to the shape 
of the nose of the upper bullet as seen in the 
lateral proJection (Fig. 15). The base of the 
upper bullet is flat. 

Spitz’ has called attention to the “piggy- 
back” or tandem bullet and describes a case 
in which a bullet mass removed from the 
head of a patient with a .38 caliber gun- 
shot wound weighed nearly twice as much 
as an intact bullet recovered from another 
wound in the same patient. He postulates 
that a bullet which had remained in the 
barrel of a gun was propelled by and fused 
to a second bullet that was fired later. He 
Illustrates a rather amorphous metallic 
mass which does simulate the shape of 2 
bullets fused during firing. Roentgeno- 
grams were not presented with this case. 

Ballistics study in our case revealed that 
the 2 bullets could be assembled into a 
single missile (Fig. 2, 7 and B). Figure 2C 
illustrates the nose appearance of the 2 
bullets. That on the right is the leading 
portion of the “piggy-back”’ missile which 
was flattened as it penetrated the skull. The 
bullet on the left represents the second 
propelling portion of the missile which rela- 
tively retains its original shape. In Figure 
2D, flaring of the proximal end of the first 
bullet resulting from intrusion by the pro- 
pelling bullet is seen on the right. The 
proximal end of the propelling bullet is flat. 
The shape of the leading bullet corresponds 
to the lower metallic image in Figure 1, Z 
and B. Similarly, the shape of the propel- 


man 

j ^ da 
p 

= i E 


— 3 *- 


here ` ” 
"-—-— 


"2 
SA n N 


V Am MET T ^ 
à CES 


- ei 


2 
NN 


(METRIC 1 


c 3 
ultimi, 


MM z 
- 


i 


R. S. Shacklett, K. D. Dolar -nd E. F. Rose 


or, 
G 
Er 


MEL 
sie 


^ 


NOVEMBER, 1974 


METERS 1 
PU 


AME s 
ala MS m 


Ve 
Svag 
C 


dir 


*- 1 : "] Fi 1 y 
" y " - ^ "nt í = = \ -Ea - i 


all 
~ 


w om WI 





ja a 


IZ J = | 
Menali riin 





3 
| 





Fic. 2. (4) A side view of the assembled “piggy-back” missile. B) A view of the opposite side of the "piggy- 
back" missile. The leading edge of each bullet has a simila- chip fragment missing. (C) View of the nose 
ends of the disassembled missile. The leading bullet is on the right and has a flattened surface. The left 
object is the propelling bullet and retains nearly normal shape. (D) View of the following ends of the disas- 
sembled missile. The leading bullet has an indented, flared enc on the right. The propelling bullet has a flat, 


unindented end (left). 


lant bullet corresponds to the upper metal- 
lic image in this illustration. 

One other important ballistics feature is 
revealed in Figure 2B, ;.e., each bullet has a 
"chipped-off"" portion adjacent to the lead- 
ing end. This defect is due to imperfect 
alignment between the cylinder of the gun 
and the barrel. As a bullet is fired, a por- 
tion of the nose is sheared off by the edge 
of the barrel which overlaps the cvlinder. 
This defect further confirms the origin of 
both bullets as being from the same gun. 

The best explanation for the production 
of a “piggy-back” or tandem bullet lies in 
defective ammunition. If a cartridge is 
loaded with too little powder, firing will 
fail to propel a bullet completelv through 
the barrel. Similarly, wet or aged powder 
may be inadequate to move a bullet out of 
the barrel. A second shot is then fired and 


has adequate propulsive force to fuse the 2 
bulle-s into 1 mass, as in the case described 
by Sp'zz, or gives flight to both bullets as 
in our case. 

Tandem loading of 2 or more bullets in 1 
cartr cze has been reported. Petty? refers 
to a military tandem or duplex load in 
which a solid base bullet is inserted into the 
hollow base of another bullet and both are 
propelled by a single powder charge. These 
bullez are only available for rifles. An 
F.B.J. bulletin? describes a reloaded .38 
caliber cartridge in which 2 extra projectiles 
were seated on the original bullet in a 
cartr cge case. Theoretically, the military 
tandem load or that described in the 
F.B.I. bulletin might produce an injury 
simila- to that seen in our case, if fired with 
the barrel of the weapon in contact with the 
head. However, none of the other cartridges 
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in the gun found in the present case had 
maltiple bullet loads. Also, the nose cefect 
of the missiles, as previously described, 
would indicate individual firing. 

It is not known when the first bullet was 
fired in this case. No witness heard a shot 
fired. The leading missile may have been 
propelled into the barrel some time pre- 
viously or immediately before the second 
cartridge was discharged. The "peggy- 
back” effect would result in either arum- 
stance. 

Separation of the 2 parts of the "p ggy- 
back" missile must have occurred either as 
a result of the “tumbling” effect as de- 
scribed by Mittleholzer and Shields? ox as a 
result of a gravitational change in pos tion 
as reported by Adeloy and Odeku.! 

This case represents the first repo t of 
the roentgenologic aspects of a “pmgy- 
back" bullet wound which has appeared in 
the English language literature. 


SUMMARY 


A suicide fatality in which 2 bullets en- 


tered the head in tandem through a smgle 
skull defect is described. This has been 
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termed a "piggy-back" bullet wound. 

Such aa injury is produced by a defective 
cartridge allowing a bullet to remain in the 
gun barrel after firing, followed by a second 
shot which then propels both bullets as a 
single missile. 


Kenneth D. Dolan, M.D. 

Department of Radiology 

University of Iowa Hospitals and Clinics 
Iowa City, Iowa 52242 
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SELECTIVE TEMPORAL ARTERIOGRAPHY AND 
BIOPSY IN GIANT CELI. ARTERITIS: 
POLYMYALGIA RHEUMATICA* 

By ROGELIO MONCADA, M.D., DENNIS BAKER, M.D., HERBERT RUBINSTEIN, M.D., 
DINESH SHAH, M.D., and LEON LOVE, M.D. 


MAYWOOD, ILLINOIS 


ho Horton’s original description of 
temporal arteritis in 1932,!° many in- 
vestigators have studied this entity. As 
early as 1941, Gilmour? set forth the path- 
ologic findings under the title “Giant Cell 
Arteritis." Temporal arteritis thus became 
known as a syndrome in the elderly, con- 
sisting of band-like headaches with painful 
and tender superficial temporal arteries 
often followed by blindness and/or stroke. 

Then in 1957, Barber! coined the eponym 
polymyalgia rheumatica, thus ultimately 
diagnosing and defining a new clinical 
syndrome. The clinical features of poly- 
myalgia rheumatica include pain and stiff- 
ness of the muscles of the neck, back and 
proximal girdle areas, but without weak- 
ness or atrophy. Anorexia, weight loss, 
malaise and low grade fever are often asso- 
ciated complaints. Physical examination 
may reveal mild arthritis of larger joints 
and, rarely, bruits over large arteries sec- 
ondary to stenosis. Laboratory studies re- 
veal an elevated sedimentation rate of 5o 
mm./hr. or greater, Westergren method; 
a mild anemia of normocytic hypochromic 
type; elevated fibrinogen; and o 2 globulin. 
The electromyogram, muscle biopsy, mus- 
cle enzymes, rheumatoid factor and anti- 
nuclear antibody studies are usually nega- 
tive. The disease classically responds 
dramatically to glucocorticoids, usually 
within a few days. 

Both polymyalgia rheumatica and tem- 
poral arteritis are diseases with chronic 
inflammatory involvement of the medium 
sized arteries. Nevertheless, the difficulty 
in establishing the diagnosis of vascular 
involvement in polymyalgia rheumatica 


through biopsy has long been recognized? 
This prompted Palm in 19589 to undertake 
a retrospective study of carotid angiograms 
in patients with temporal arteritis and 
polymyalgia rheumatica. Four of these ex- 
hibited abnormal studies suggesting arteri- 
tis. Later, in 1964, Hamrin et a/.® reported 
the first major series of biopsy cases in 
patients with clinical giant cell arteritis, 
with 60 per cent exhibiting positive histol- 
ogy. Still, the persistent small yield of 
positive biopsy findings in many series of 
cases cf polymyalgia rheumatica can be as 
low as 5—10 per cent.?: 

This discrepancy suggested that arteri- 
ography combined with biopsy might be 
complementary methods in establishing the 
diagncsis.5 We would therefore like to pre- 
sent our own experience with selective 
temporal arteriography and biopsy. 


MATERIAL 


Out of a large Rheumatology Clinic, 20 
patients suspected of having polymyalgia 
rheurratica were referred to the Radiology 
Department for temporal arteriography 
and biopsy. Their positive clinical and 
laborztory findings are depicted in Figure 
I. It must be stressed that this series has 
been limited to the search for arteritis in 
those patients with polymyalgia rheumat- 
ica. We have carefully excluded patients 
with temporal arteritis, specifically those 
with headaches, visual disturbances and 
palpable temporal arteries. 


METHOD 


The procedure is carried out entirely 
unde- the auspices of the Radiology De- 


* From the Departments of Radiology and Rheumatology, Loyola University Medical Center, Stritch School of Medicine, May- 
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POLYMYALGIA RHEUMATICA ~ CLINICAL FINDINGS 
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Fic. 1. Positive clinical and laboratery data in 20 patients with polymyalgia rheumatica. 


partment. The patient is brought tc the 
Special Procedures Room. Surgical p-epa- 
ration of the skin just anterior to the ear 
i obtained. Following infiltration with 
procaine I per cent a 2 cm. incision is made 
horizontally just anterior to the tragus of 
the ear above the malar bone. Utilizing 
blunt dissection, the artery is freed up and 
tied at its most proximal end. A polyechyl- 
ene longdwell catheter is introduced o 5 to 
I em. within the artery and tied in place. 
Care must be taken not to introduce the 
catheter too far as the superficial temporal 
artery frequently bifurcates just above this 
level. Subsequently, 2 to 4 cc. of meghimine 
diatrizoate* is rapidly introduced and mag- 
nification films are obtained at the rate of 1 
flm per second for 4 seconds utilizing a 0.3 
mm. focal spot, object film distance cf 20 
inches and focal film distance of 40 inches. 
The patient's discomfort is small. The 
catheter is then removed, the artery is tied 
distally and a biopsy specimen as long as 
possible is obtained. Closure is completed 
with 5/o nylon. 


PATHOLOGY 


Early or mild disease affects the intima 
with elastic fiber degeneration and chronic 
inflammatory cell infiltration. Giant cells 
containing phagocytized elastic fibers are 


* Renografin 76. 


present. The endothelium and subendo- 
thelial fibroblasts proliferate, resulting in 
nodular cr diffuse thickening of the intima 
and narrowing of the arterial lumen. The 
artery may be involved circumferentially 
or in only a portion of the wall. The result 
is either a concentric or eccentric deformity 
and frequent skip areas. Extension of this 





poral arteritis. Extensive infiltration of media with 
inflammatory mononuclear cells. (B) Same as 4. 
Multiple inflammatory giant cells are present. 


process leads to medial degeneration and, 
rarely, to total fibrosis of the vessel with 
thrombosis and obliteration of the artery 


lumen (Fig. 2, 4 and 5). 


RESULTS 


The normal superficial tempora! artery 
follows a rather serpiginous course with de- 
creasing caliber peripherally (Fig. 5, //-C). 
The pathologic vessel usually runs a 
straighter course with areas of narrowing, 
beading and dilatation (Fig. 4, 4-C). In 
occasional cases, areas of disease involve- 
ment will alternate with areas of normal 
vessel. The operator then has the option of 
obtaining an additional biopsy at the dis- 
tal site of angiographically demonstrated 
disease, if he considers that microscopically 
the main temporal artery is normal. It 
must be stressed that these subtle findings 
are best demonstrated with magnification. 
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Fic. 3. “4-C) The normal superficial temporal 
artery follows a tortuous course with decreas- 
ing caliber peripherally. Three different cases 
utilizing conventional magnification and sub- 
traction techniques, respectively, are seen. 


Oceasionally, the catheter may be ad- 
vanced beyond the bifurcation resulting in 
filling of only the anterior or posterior 
branch of the temporal artery (Fig. 5, 4 
and A). 

Likewise, manipulation of the tissues in 
dissect on of the artery will frequently re- 
sult in the spasm of that vessel leading to 
inadve-tent injection of a corresponding 
vein (Fig. 6). The vein, however, is identi- 
fied by its size, general configuration and 
presence of valves. 

It should be appreciated that an area of 
tapered narrowing commonly seen at the 
catheter tip simply represents the “Jet 
collapse" described by Doumanian and 
Amplatz? This should not be interpreted 
as an crea of diseased vessel (Fig. 7). 

Temporal arteriography can also be 
utilized to visualize the vascular supply of 
metastatic lesions (Fig. 8) or primary 
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Fic. 4. (4) In temporal arteritis the artery runs 
a straighter course with areas of narrowing, 
beading and dilatation. (B) Same case as in 
A. Better detail is obtained with magnifica- 
tion. (C) Temporal arteritis biopsy proven. 
Here the artery remained tortuous, but the 
areas of dilatation and narrowing are readily 
evident. 





Fic. 5. (4 and B) Inadvertent advancement of the catheter beyond the bifurcation resulting in 
only opacification of the anterior or posterior branch, respectively. 
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Fic. 6. Inadvertent injection of a temporal vein. It 
is identified by its general configuration and the 
presence of valves. 


peripheral lesions such 
vascular malformation. 

Of the 20 cases studied, 5 were diagnosed 
as positive angiographically with 1 of the 5 
also having a positive biopsy. These find- 
Ings are quite similar to those of Elliott 
et alt: of their 34 cases of polymyalgia 
rheumatica and/or cranial arteritis, 7 had 
abnormal angiograms, but of these 5 had 
positive biopsies. In this same series, as 
reported by Hunder ef a/.? 17 of the 34 
cases were patients with polymyalgia 


as meningioma or 





Fic. 7. Injection of contrast material results in a 
“jet collapse” distal to catheter tip. This is not an 
area of diseased artery. 
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Fic. 8. Superficial temporal arteriography demon- 
strating vascular supply of metastatic broncho- 
genic carcinoma. 


rheumatica: 2 had abnormal arteriograms 
and 1 was biopsy positive. 

The only other reported series of tem- 
poral a-teriography is that of Gillanders?’ 
15 patients were suspected of having cran- 
lal arteritis, however, 4 had abnormal ar- 
teriogr.ms and 5 had abnormal biopsies. 


CONCLUSIONS 


I. Temporal arteriography is abnormal 
in a substantial per cent of patients with 
polymyalgia rheumatica. 

2. In patients with polymyalgia rheu- 
matica, the incidence of positive temporal 
arteriozrams is greater than the incidence 
of abnormal temporal artery biopsies. 

3. It appears that temporal arteriog- 
raphy may be a more sensitive criterion of 
cranial arteritis than a random temporal 
artery biopsy. When an arteriographic ab- 
norma ty in the distal artery is seen, an 
external marker can be placed at this site 
as a guide for an optional biopsy and tissue 
confirmation. 

4. Iz is therefore recommended that 
both biopsy and temporal arteriography be 
done i1 cases where cranial arteritis is sus- 
pected. 

5. No complication of temporal arteriog- 
raphy has been encountered. 
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SUMMARY 


Twenty patients suspected of having 
vascular involvement in polymyalgia -heu- 
mztica were studied by temporal arteriog- 
raphy and temporal artery biopsy. This 
series reveals a substantial number of an- 
gicgraphically positive cases of arteritis, 
while biopsy provided only 1 abncrmal 
case. 


Rogelio Moncada, M.D. 
De»artment of Radiology 

Lovola University Medical Center 
Str tch School of Medicine 
Maywood, Illinois 60153 
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ARTIFICIAL SLOW-FLOW CARCTID ANGIOGRAPHY 
WITH TUMORS OF THE GLOMUS JUGULARE 
AND OF THE CAROTID BODY* 


By HENK VERBIEST 


UTRECHT, THE NETHERL^ NDS 


N 2 previous papers the author has re- 

ported on the application of a new tech- 
nique, artificial slow-flow carotid angiog- 
raphy.!^? 

It consists of percutaneous carotid injec- 
tion of the contrast medium with digital 
compression of the common carotid artery 
below the site of puncture. 

This method was called proximal com- 
pression angiography (P.C. angiographv) or 
artificial slow-flow angiography, one of its 
properties being the slow transport of the 
contrast medium injected. 

The technical details, properties and 
contraindications have been extensively re- 
ported before, the present JourNaL? in- 


cluded. 


Briefly summarized, the procedure is per- 
formed as follows: After digital occlusion of 
the common carotid artery, 8 ml. of 60 per cent 
urografin is injected. When 3 ml. is left in the 
syringe, the first film is exposed, followed by 2 
other exposures at intervals of 1.5 sec. After 
the third film has been exposed, the digital 
compression 1s released. The most reliable cri- 
terion of effective proximal occlusion of the 
common carotid artery is the visualization of 
the internal and/or the external carotid arteries 
on all 3 films. 

With adequate experience the total duration 
of digital compression does not exceed 8 sec. 
The procedure is carried out under general 
anesthesia. Contraindications are untoward 
baroreceptor responses or electroencephalo- 
graphic abnormalities following compression of 
the carotid artery, and abnormalities in. the 
routine angiograms always made before, such 
as an already existing diminished flow rate, 
arterial spasm, signs of intracranial vascular 
disease or injection of contrast medium in the 
wall of the carotid artery (a considerably re- 
duced risk when using a plastic intra-arterial 
cannula). 


MAIN FEATURES OF THE P.C. 
CAROTID ANGIOGRAMS 


Distal to the digital occlusion of the com- 
mon c-rotid artery, blood pressure and 
blood-fow are reduced. Apart from the 
resultirz slow transport of the contrast 
mediur through the internal and external 
carotid arteries, the angiograms show denser 
vascula- opacification than with routine 
angiography. 

Varicus but unpredictable flow types 
have been observed with P.C. angiography. 
In most instances the transport of contrast 
mediur is reversed in either the internal or 
externa! carotid arteries. If transported 
througr the internal carotid artery, the 
intracr-nial arteries are rarely stained in all 
3 films (3 seconds): frozen appearance. In 
most c:;ses, however, the contrast medium 
within -he carotid siphon is washed out by 
collateral circulation through the circle of 
Willis 7esulting in opacification of some of 
the intracranial branches. The transport 
throug- these branches depends on the 
flow race of collateral circulation. It usually 
is slower than in the routine angiograms, 
so that the P.C. angiograms remain en- 
tirely -rterial during the total exposure 
time of 3 seconds. 

In rare instances, collateral circulation is 
rapid enough for producing contrast me- 
dium falling of some intracranial veins in 
the third P.C. angiogram. 

Such effects of collateral circulation are 
never cbserved in the flow patterns of the 
contrast medium through the external ca- 
rotid arteries and its branches in the P.C. 
angiograms. The opacification of veins in the 
supply area of the external carotid artery 
with P.^. angiography is never seen unless in 
the presence of arteriovenous anomalies. This 


* From the Neurosurgical and Neuroradiological Departments, State University of Utrecht, Utrecht, The Netherlands. 
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fact is of great importance with regard to 
the subject of the present paper. 


ANGIOGRAPHIC SUBTRACTION WITH 
P.C. ANGIOGRAPHY 


Often the anterior and posterior cerebral 
arteries, when visualized in the routme ca- 
rotid angiograms, do not fill with contrast 
medium in the P.C. angiograms. This sup- 
pressed filling was termed “angiographic 
subtraction.’ Angiographic subtraction 
may result in better visualization of vessels 
which do transport the contrast medium.!? 
Angiographic subtraction is also seen in the 
territory of the external carotid artery. 
Tae angiographic subtraction phenomena 
may reveal special properties in the pres- 
ence of pathologic processes, such zs ar- 
teriovenous aneurysms, carotico-cavernous 
fistulae and meningiomas, whose vascular 
territories have a lower impedance than 
that of the other intra- or extrac-anial 
areas. In such instances the differences in 
impedance are accentuated in the P.C. 
angiograms by preferential filling of those 
pathologic areas, whereas the other vascu- 
lar territories are poorly opacified or not 
at all. 

The angiographic subtraction phenom- 
era also help to evaluate whether arterio- 
venous aneurysms are dependent upon one 
or more vascular territories.? 


" ANGIOGRAPHIC ADDITION" WITH 
P.C. ANGIOGRAPHY 


A common property of all P.C. angio- 
grams is the denser opacification cf the 
internal and/or external carotid arteries 
amd of some or all of their branches. 

Other angiographic additional phenom- 
era are visualization of vessels not demon- 
strated in the routine angiograms and 
opacification of more extensive tumor pat- 
terns than seen in the routine angiograms. 
Particular additional phenomena may be 
observed with arteriovenous shunts where 
features of venous drainage visualized in 
the successive routine angiograms together 
with the arterial supply may be observed in 
1 of the 3 P.C. angiograms. 
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So far we have not reported on P.C. 
angiography with tumors of the glomus 
jugulare and of the carotid body. Our find- 
ings with 5 tumors of the glomus jugulare 
and 6 tumors of the carotid body, 3 of them 
associated with glomus jugulare tumors, 
are described in the present paper. 


TUMORS OF THE GLOMUS JUGULARE 
(5 cases) 


In 1 case of tumor of the glomus jugulare 
the contrast medium had been injected 
into the internal carotid artery for routine 
angiography, whereby no tumor pattern 
was visualized. P.C. angiography with the 
needle point in the same place as with the 
preceding routine angiography resulted in 
contrast medium filling of both the external 
and the internal carotid territories and 
visualization of tumor patterns of the 
glomus jugulare and of the carotid body 
(Fig. 1, 4 and B). The presence of both 
tumors was verified at operation. Differ- 
ences in impedance between the various 
flow areas, tumoral and nontumoral be- 
coming more apparent with P.C. angiog- 
raphy, may be the explanation of these 
findings. A similar overflow from contrast 
medium injected into the internal carotid 
artery tewards the external carotid artery 
has been observed in P.C. angiograms of 
meningiomas supplied by the external ca- 
rotid artery.! 

In 4 cases the tumor patterns were vis- 
ualized in the routine angiograms. The con- 
trast medium had been injected into the 
common carotid artery in 3, and in the 
internal carotid artery in 1 case. The posi- 
tion of the needle was unchanged for P.C. 


angiography. 


ANGIOGRAPHIC ADDITIONAL PHENOMENA 
IN THE P.C. ANGIOGRAMS 


The presence of a tumor pattern in the 
routine and P.C. angiograms in 4 tumor 
cases allowed demonstration of the follow- 
ing additional phenomena in the P.C. 
angiograms: 

a. More detailed visualization of arterial feed- 

ers due to denser opacification of the ves- 
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Fic. 1. Tumor of the glomus jugulare. (4) Subtraction of routine internal carotid angiogram does not show 
any abnormality. (B) Subtraction of P.C. (proximal compressior) angiogram with needle point at same site 
as in Æ shows filling of both the internal and external carotid arteries and demonstrates large tumor pat- 


tern in the cervical and mastoid areas (arrows). Note area of great density at the level of the carotid bi- 
furcation. 


sels and slow transport of the contrast 
medium. This increase in detail informa- 
tion was not the same in all 4 cases but 
much pronounced in 2 of them (Fig. 2B; 


and 55). 


More extensive visualization of the tumor 
pattern was observed in three patients 
(Fig. 3; and 5). The only other tumor type 
in which such a phenomenon was observed 
in P.C. angiograms was, in our experience, 
the meningioma. With the fourth tumor 
of the glomus jugulare the extent of the 
tumor patterns in the routine and P.C. 
angiograms was equal. In all 4 cases 
the P.C. angiograms showed that the 
contrast medium was arrested in the 
internal carotid arteries, no intracranial 
circulation being visualized (angiographic 
subtraction). 


Demonstration of venous outflow from tu- 
mors of the glomus jugulare in P.C. angto- 
grams. As mentioned before, transport of 


the contrast medium through the external 
ca-otid artery during P.C. angiography 1s 
very slow and zever results in staining of 
vens unless in the presence of arterio- 
vencus anomalies. This particular property 
resu_ts in interesting findings with P.C. ca- 
rotid angiography, not only with arterio- 
venous aneurysms in the territory of the 
ex-e-nal carotid artery but with tumors of 
the glomus jugulare. 


In 2 of the 5 cases of tumors of the glomus 
jugulare the P.C. angiograms showed a 
much more extensive venous drainage pat- 
tern than seen in the routine angiograms. 
Also, these veins showed denser staining 
and disp.ayed properties of slow flow. In 1 
of these cases venous drainage was already 
demonstrated in the first of the 3 P.C. 
angiograms; i.e., in the intracranial dural 
sinuses (base view of the cranium, Fig. 
4B), waile venous drainage in the cervical 





Fic. 2. (4) Subtraction of routine angiogram with needle point in internal carotid artery shows opacification 
of large tumor pattern extending into the mastoid (arrows). Tumor at the bifurcation faintly stained. 
(B) First P.C. angiogram presents more detailed visualization and lenser staining of arteries (angiographic 
acdition), supplying the tumor of the glomus jugulare. The cont-ast medium is arrested in the internal 
carotid artery. Faint staining of tumor of the carotid body. (C and F) Second and third P.C. angiograms 
with 1.5 second intervals show dense staining of patterns of tumors of the glomus jugulare and of the 
carotid body. Venous drainage of the tumor visualized in the longitudinal epidural sinuses (arrows). 

Apart from better angiographic detail information the preservation of the image of the skeletal structures 
allows information about spatial relationships of the abnormalites, and easy identification of draining 
veins. 

The consequence of the smaller useful density range of paper then that of photographic film is shown in 
D and E (photographic subtractions from C), where different processing was needed for demonstrating 
venous drainage and intramastoid tumor pattern (D) and detail œ cervical tumor pattern (E). (G) Sub- 
traction of F. Arrow L points to longitudinal epidural sinus. The suotractions D and G show tumor pattern 
in the mastoid area (arrows) not seen in the P. C. angiograms. 
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Fic. 3. (4) Subtraction of routine common carotid angiogram shows pattern of tumor of carotid body and of 
glomus jugulare (arrow). (B-D) Subtractions of P. C. angicgrams with 1.5 second intervals show denser 
and more extensive staining of tumor patterns, more detailed staining of supplying vessels in B and ex- 
tensive venous drainage in C and D. 
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Fie. 4. Same case as in Figure 3. Base views of the cranium. (4) Subtraction of common carotid angiogram 
shows tumor pattern in mastoid area and staining of intracranial arteries. C=carotid artery. (B) Subtrac- 
tion of first P.C. angiogram. Angiographie subtraction of the intracranial carotid artery results in a good 
view of venous drainage, which is more extensive than in the routine arteriogram. Arrow points to venous 


plexus of foramen magnum. 


areas appeared in the second and third P.C. 
angiograms (Fig. 3, C and D). 

In the other patient the examination was 
limited to anteroposterior and latera! views 
shewing extensive drainage through the 
cervical veins (Fig. 2, C-G), in the second 
and third P.C. angiograms. In 2 cases 
venous drainage was observed in the third 
P.C. angiogram and in 1 case the P.C. 
anziograms did not visualize any venous 
drainage at all. 

Since the transport of contrast medium 
th»ough the internal carotid arterv was 
blocked in 4 cases, while in the fifth i- did 
mot enter intracranial veins during the pro- 
cecure, the venous drainage demonstrated 
in the P.C. angiograms originated from the 
tumor. 

The differences in amounts of draming 
vems visualized in the individual cases 


probably depended upon the share of ar- 
teriovenous shunts in the tumor circula- 
tion, which is not equal in all cases. 


Differentiation between accessory venous 
drainage due to occlusion of the jugular bulb 
and venous drainage from the tumor proper. Un- 
usual venous drainage observed in routine 
common carotid angiograms in cases of 
tumors of the glomus jugulare may be due to 
arteriovenous shunts inside the tumor and/or 
to accessory drainage of the intracranial 
circulation as a consequence of occlusion of 
the jugular bulb. 

While P.C. angiography may demonstrate 
and accentuate the venous drainage of the 
tumor proper (Fig. 2; 3; and 4), the accessory 
venous drainage due to blocking of the jugu- 
lar bulb is well visualized in the subtraction 
pictures of the phlebographic phases of rou- 
tine angiograms with injection of the contrast 
medium into the internal carotid artery 
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Fic. 5. (4) Subtraction of anteroposterior view of routine caretid angiogram shows tumor pattern of glomus 
jugulare tumor, only part of it densely stained. Arrows point to less opacified areas of tumor, more densely 
stained in P.C. angiograms B and C (3 second interval). (D> Frontal polytomogram showing cavity pro- 


duced by the tumor in the mastoid area. 


(Fig. 6, A-C) provided the internal carotid 
artery does not participate in the tumor 


supply. 


ANGIOGRAPHIC SUBTRACTION PHENOMENA 
IN THE P.C. ANGIOGRAMS 


In 4 cases the intracranial vessels were 
not stained. The contrast medium was in- 
jected in the common artery in 3 and in the 
internal carotid artery in 1 case (Fig. 2; 3; 
4; and 5). 

In 1 case the contrast medium was not 
arrested in the internal carotid artery 
(Fig. 1). Since the intracranial circulation 
and that of the glomus tumor usually do 
not overlap in the profile and anteropos- 
terior views, the importance of angio- 


grapuc subtraction with tumors of the 
glomas jugulare is limited to views where 
both circulations may project upon each 
othe-, such as the base view of the cranium 


(Fig. =). 


TUMORS OF THE CAROTID BODY 
(6 cases) 


In = patients these tumors were associ- 
ated with tumors of the glomus jugulare. In 
I of them it formed a part of a large con- 
tinucus glomus tumor. At operation it was 
founc to involve the jugular bulb, and to be 
intimately connected to and surrounding 
the ganglion nodosum, its inferior pole 
reacting downwards unto the bifurcation 
between the internal and external carotid 
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Fic. 6. Subtraction from venous phases of internal carotid routine angiography. Accessory venous drainage as 
a result of occlusion of jugular bulb or sigmoid sinus by tumor of glomus jugulare in 3 cases: 4, Band C. 
(4) Arrow points to arrest in sigmoid s nus. Posterior venous drainage occurred in the suboccipital tri- 
angle (not in picture) and retromandibular (or posterior fzcial) vein A and palatinel vein B, both ending 
in anterior facial vein. (B) Arrows point to accessory drairage via venous plexus of foramen magnum, be- 
sides venous drainage through pterygoid plexus. (C) @ points to intact outflow through right sigmoid 
sinus and internal jugular vein. Arrow points to left sigmcid sinus. Left jugular bulb occluded. Note ex- 
tensive accessory venous drainage through postvertebral, basivertebral and vertebral veins. 


arteries. The latter portion was supp. ied by 
vascular branches from the bifurcation and 
the external carotid artery. 

The whole tumor pattern was visualized 
in the routine common carotid angiogram. 
The first P.C. angiogram showed detailed 
vascular supply to the tumor of the glomus 
jugulare and the portion surroundiag the 
ganglion nodosum, the tumor of the carotid 
bodv being faintly stained. The whole 
tumor pattern, including that of the carotid 
bodv, was densely opacified in the second 
and third P.C. angiograms. It was impos- 
sible to identify the share of the carotid 
body in the venous drainage (Fig. 2). 

The second patient had a small tumor of 
the carotid body associated with a large 
tumor of the glomus jugulare, which occu- 
pied the mastoid and middle ear. The 
tumor of the carotid body was diffusely 
stained in the common carotid angiogram. 
It was also demonstrated in the first and 
second P.C. angiograms, the latter showing 
a denser pattern than the routine angio- 
grams (Fig. 3). As with the first patent, it 
was impossible to identify the venous 
drainage of the tumor of the carotid body 


amoag the extensive venous pattern origi- 
nating from the tumor of the glomus jugu- 
lare (Fig. 3, C and D). 

In the third patient the routine internal 
carotid angiogram did not show any supply 
to the tumor of the carotid body. The latter 
was visualized together with the tumor of 
the glomus jugulare in the P.C. angiogram, 
as a result of return flow of contrast me- 
dium from the internal to the external 
carotid artery (Fig. 1). In this case the sup- 
plying branches to the tumor of the carotid 
body were well visualized due to slow flow 
and dense opacification of the vessels (Fig. 
7). No venous drainage from the tumor of 
the carotid body was noted in the P.C. an- 
giog-ams. Since the routine and P.C. angio- 
grams were made with the needle in the 
internal carotid artery, the usefulness and 
simplicity of these angiographic procedures 
for evaluating the share of each of the in- 
ternil and external carotid arteries in the 
suprlv of the tumor is obvious. | 

Three tumors of the carotid bodies un- 
associated with glomus jugulare tumors 
were observed in 2 patients, I patient pre- 
sent ng with bilateral tumors. One of the 
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Fic. 7. Same case as in Figure 1. (4) Subtraction of anteroposterior view of routine internal carotid angio- 
gram shows no abnormalities. (B) Subtraction of early antereposterior cervical view of P.C. angiogram 
shows filling of both internal and external carotid arteries wit detailed and dense staining of arteries sup- 
plying tumor of carotid body (arrow). (C) Subtraction of P.C. angiogram 3 seconds later shows reversal of 
contrast medium in internal carotid artery. Arrow points to dense pattern of tumor of carotid body. Cross 
and arrow point to pattern of tumor of glomus jugulare. 


tumors of the latter patient was small and 
associated with a glomus tumor extending 
from the level of C3 as far as the base of 
the skull (Fig. 8). 

With all 3 tumors the P.C. angiograms 
showed more detailed visualization of ar- 
terial feeders and a denser tumor pattern 
than visualized in the routine angiograms. 
In none of the cases was any venous drain- 
age observed (Fig. 8; and 9). 


ANGIOGRAPHIC ADDITION IN P.C. ANGIO- 
GRAMS VERSUS PHOTOGRAPHIC OR 
ELECTRONIC SUBTRACTION OF 
ANGIOGRAMS 


For demonstrating refinements or short- 
comings of both angiographic addition and 
photographic or electronic subtraction, the 
reproductions of the images in journals are 
not the ideal means. Problems with repro- 
duction because the useful density range of 
photographic (and printed) paper, viewed 
by reflected light, is smaller than that of 
photographic film, are exemplified in Fig- 
ure 2, D and £, both subtractions of C, 


where different processing of the photo- 
graphic paper was needed for the demon- 
stration of the draining veins and the intra- 
mastoid tumor pattern (D), and details of 
the cervical tumor pattern and supplying 
arteries (E). 

Also. detail information mav be lost 
with tie subtraction of roentgenographic 
films, presenting great differences in con- 
trast.? 

In spite of such inevitable imperfections 
in reproduction, the illustrations of this 
paper may be clear enough to give support 
to the ollowing conclusions: 


With glomus tumors in the cervical area 
the azvantages of angiographic addition bye 
means of P.C. angiography over routine 
angiczraphy and its subtractions are: in- 
creased density of the tumor pattern and 
supph mg arteries; demonstration of a greater 
number of supplying arteries and a greater 
portion of the tumor pattern; and, in some 
instances, demonstration of a greater number 
of draining veins in the arterial phase. 

Alse, the gain in detail information 
regar jing angiographic findings is obtained, 
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Fic. 8. (4) Routine common carotid angiogram shows pattern of right-sided small tumor of the carotid body 
associated with large glomus tumor in the upper cervical area. (B-D) P.C. angiograms with 1.5 second 
intervals. Arrest of contrast medium im internal carotid artery. Angiographic addition: detailed and 
denser visualization of supplying arteries and denser tumor patterns. The advantage over photographic 
subtraction is the preservation of skeletal structures allowing information of spatial relationships. The 
densest tumor mass is in the upper cervical area. Small separate tumor patterns at bifurcation. 


596 Henk Verbiest NOVEMBER, 1974 


pi 





Fic. 9. Same patient, left-sided tumor of carotid body, as in Fizure 8. (4) Routine common carotid angio- 
gram. (B-D) P.C. angiograms with 1.5 second intervals. (B and C) Densely stained supplying arteries. 
(C and D) Dense tumor pattern. 
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while the image of the cervical structures 1s 
preserved—important for estimating spatial 
relationships of the abnormalities. 

In the subtraction pictures the skeletal 
structures are greatly or completely obliter- 
ated. Yet, subtractions of P.C. angiograms 
play a part since, with their limitations 
mentioned above, they give an excellent 
impression of the vascular abnormalities 
themselves, with the advantages of angio- 
graphic addition, while in areas of great 
density, such as that of the mastoid bone, 
the subtraction picture may demonstrate 
tumor patterns not seen in the P.C. angio- 
grams. 

Immobilization of the head, essential for 
subtraction, is more difficult to maintain 
during P.C. angiography, since the proximal 
compression of the common carotid artery 
may produce some head movement. 


SUMMARY 


P.C. angiograms with tumors of the 
glomus jugulare supplied by the external 
carotid artery may show denser and more 
extensive tumor patterns and denser and 
more detailed opacification of supplying 
arteries than seen in routine angiograms. 

Gain in detail information with preserva- 
tion of the image of skeletal structures al- 
lows better information about spatial rela- 
tionships. 

Subtractions of P.C. angiograms share 
the advantage of angiographic addition, 
but may reveal tumor patterns not seen in 
areas of great densities in the P.C. angio- 
grams. 

Unusual venous drainage in routine an- 
giegrams with tumors of the glomus jugu- 
lare may be the result of occlusion of the 
jugular bulb or originate from the tumor 
proper. 
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Venous outflow in the territory of the ex- 
ternal carotid when visualized in P.C. 
angiog-ams, originates from arteriovenous 
shunts inside the tumor proper. P.C. an- 
giography accentuates this outflow ‘pat- 
tern. 

Accessory venous drainage due to block- 
ing of the jugular bulb, can be separately 
visualized in subtraction pictures of venous 
phases of selective routine internal carotid 
angiograms, provided the internal carotid 
body does not participate in the tumor 
supply. 

P.C. angiograms with tumors of the 
carotid body display similar angiographic 
additional phenomena as seen with tumors 
of the glomus jugulare, with the exception 
of demonstration of venous outflow. Com- 
parative routine and P.C. angiography 
with the needle in the internal carotid ar- 
tery may be a simple method to estimate 
the share of the internal and external caro- 
tid arteries in the vascular supply of tumors 
of the carotid bodies. 
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PITFALLS OF SOFT TISSUE DIAGNOSIS 
IN THE TYMPANIC CAVITY* 


By WILLIAM HANAFEE, M.D., GARY AGUILAR, and WILLIAM OLMSTED, M.D. 


LOS ANGELES, CALIFOFNIA 


die. tomographic diagnosis of advanced 
cholesteatomas of the tympanic cavity 
usually presents little difficulty. They 
show characteristic erosions of the superior 
and posterior medial margins of the bony 
external canal (the scutum), together with 
varying degrees of ossicular destruction and 
possibly erosive changes in the aditus and 
antrum area. On the other hand, serous 
otitis media and some of the very early 
cholesteatomas constitute a challenge to 
early tomographic diagnosis. 

Since these early lesions are primarily 
soft tissue abnormalities, we wish to evalu- 
ate some of the factors that influence soft 
tissue visualization in the tympanic cavity 
and epitympanic recesses. This study was 
performed using moist, preserved human 
temporal bone specimens roentgenographed 
with hypocycloidal and trispiral tomog- 
raphy. 


ANATOMY 


The tympanic cavity is slit-like, with a 
central narrowing. It angulates medially 
at an angle of approximately 40-50 degrees 
as it courses inferiorly. It also angulates 
medially at approximately a 15-20 degree 
angle as 1t courses from posterior to ante- 
rior. The tympanic cavity is widest supe- 
riorly (approximately 6 mm.) and narrowest 
in its mid-region (approximately 2 mm.), 
whereas inferiorly it is approximately 4 
mm. in transverse diameter. The volume 
of the tympanic cavity is approximately 
O.9 CC. 

The medial wall of the tympanic cavity 
Is comprised of those structures enclosed 
in the optic capsule, namely, the cochlea, 
anteriorly with its basal turn forming the 
promontory, and the vestibular apparatus 


postzriorly. The walls of the vestibule, in- 
cluding the oval window, comprise a sig- 
nificant portion of the medial wall, while 
the ateral or horizontal semicircular canal 
forms the superomedial wall of the tym- 
pans cavity and epitympanic recess. The 
lateral wall of the tympanic cavity is com- 
prised mainly of the tympanic membrane 
and a recess (the epitympanic recess) 
above the tympanic cavity, with its lateral 
wall being the bony roof of the external 
aud:tory canal and a bony partition that 
together are called the scutum. The tym- 
panic cavity 1s continuous anteriorly with 
the eustachian tube and posteriorly 
thrcuzh the aditus into the mastoid an- 
trum. 

Within the tympanic cavity is the ossicu- 
lar chain, consisting of the malleus, incus, 
and stapes. The tendons of the tensor tym- 
pan muscle and the stapedius muscle lie 
within the cavity. The entire cavity is 
lined with a low-lying mucous membrane 
that -orms folds over the ligamentous at- 
tac ments of the ossicular chain as well as 
the tendons. The major arteries and nerves 
are intimately associated with the bony 
walis of the tympanic cavity, while the pos- 
terior tympanic artery accompanies the 
chorda tympani nerve in close proximity 
to tie pars flaccida of the tympanic mem- 
brane. The chorda tympani enters the pos- 
terior aspects of the tympanic cavity 
through the canaliculus of the chorda tym- 
pani in the facial canal. As it passes lat- 
erally it arches superiorly and lateral to the 
long »rocess of the incus and courses me- 
dial to the long process of the malleus to 
exit znteriorly through the petrotympanic 
fissure. 

In considering the soft tissues of the 


* Presented at the Seventy-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, P.Q., Canada, September 25- 


28, 1973. 


From the Department of Radiological Sciences, UCLA School of Medicite. Center for the Health Sciences, Los Angeles, California. 
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tympanic cavity, the tympanic membrane 
is most conspicuous in the depths of -he 
external auditory canal. It is about 5.1 
mm. thick and measures about 9.0 mm. ina 
vertical diameter with 8.0 mm. in antero- 
posterior diameter. The long process of -he 
malleus is firmly attached in a vertical di- 
rection to the midportion of the tympanic 
membrane called the "umbo." The m d- 
portion of the drum bows medially due to 
the attachment of the malleus and the 
tensor tympani tendon. The tympaaic 
membrane bears an important relationship 
to a ring of bone or tympanic annulus tk at 
contains a central sulcus for the attach- 
ment of the periphery of the tympanic 
membrane (Fig. 1, 4-C). Superiorly the 
sulcus runs out into small points which : re 
called the greater or lesser tympanic spines. 
The tympanic annulus is composed of 
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Fic. 1. Visualization of the tympanic membrane. 
(4) The preliminary tomogram through the 
region of the long process of the malleus. The 
arrow ind cates an interface that is occasion- 
ally described as the tympanic membrane. 
(B) The same specimen following excision of 
the tympanic membrane without disturbing 
the ossicular chain. The projections were 
repeated <s closely as possible. Note the same 
shadow simulating the tympanic membrane 
is again v sible (arrow). (C) The same speci- 
men after drilling away the major portion of 
the tympzenic annulus as well as a large por- 
tion of the adjacent medial end of the bone 
canal. Drilling has made it impossible to de- 
monstrate this shadow. 


dense cortical bone and protrudes for ap- 
proximately 1.0 mm. into the lumen of the 
medial end of the external auditory canal. 

Of the two muscles lying within the tym- 
pahic cavity, the tensor tympani is the 
larger, measuring approximately 2.0 cm. 
in length. It originates from the cartilagin- 
ous portion of the eustachian tube and 
courses posteriorly in the semicanalis m. 
tensor tympani immediately above the 
eustachian tube at the anterior angle of the 
petrous bore. Its tendon is at right angles 
to the belly of the muscle coursing around 
the cochleariform process of the medial wall 
of the tympanic cavity. The tendon inserts 
into the ma leus at the junction of the neck 
and long process (Fig. 2, 4-C). The tendon, 
through its action, pulls the malleus and 
tympanic membrane medially. It serves to 
dampen excursions of the tympanic mem- 
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Fic. 2 Tensor tympani tendon identification. (A) 
The long process of the malleus. The cross- 
hatch arrow indicates the level of insertion of 
the tensor tympani tendon. Some hazy density 
is noted in the medial portion of the tympanic 
cav:ty suggesting visualization of the tendon. 
(B) The tensor tympani tendon is painted 
with lead from the level of the cochleariform 
process medially to the junction of the neck 
and long process of the malleus laterally 

(arrow). (C) Following excision of the tensor 

tympani tendon and tomography, the faint 

shadow lying in the medial portion of the 
tympanic cavity is again visible (arrow), 
ind cating that the tensor tympani does not 
cas- a roentgenologically visible shadow, and 
that the density presumably is a ghost shadow 


of bony structures such as the stapes and possibly part of th2 ponticulus. 


brane. This tendon is approximately 1.0 
mm. 1n diameter and lies almost parallel to 
the coronal plane of the skull. It angulates 
from above downward at approximately 17 
degrees with the horizontal plane. Approxi- 
mately 2.0 mm. of this tendon is embedded 
in a groove in the cochleariform process 
and 3.0 mm. lie free in the tympanic cavity. 

The stapedius muscle is the smallest of 
all muscles and takes origin inside a vol- 
cano-shaped cone lying on the posterior 
inferior wall of the tympanic cavity. This 
cone 1s immediately anterior to the inferior 
portion of the posterior genu of the facial 
canal. At times the lumen of the facial 
canal communicates with the lumen of the 
cone-shaped pyramidal eminence. The 
tendon of the stapedius muscle is approxi- 


mate.y 2.0 mm. in length by 0.3-0.4 mm. 
in diameter. It leaves the pyramidal emi- 
nence to course directly anterior to insert 
in the neck of the stapes adjacent to the 
stapedial-incudal Joint (Fig. 3, 7D). 


TECHNIQUE 


The investigation of soft tissue density 
was divided into 2 parts: (1) the identifica- 
tion of normal soft tissues that cast sha- 
dows in the tympanic cavity; and (2) the 
simulation of pathologic processes that one 
would find in serous otitis media and 
chronic otitis media with cholesteatoma 
formations. 

All investigations were performed on 
moist human temporal bone specimens 
roen-genographed with a Philips-Massiot 


ho 
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Frs. 3. Stapedius tendon recognition. (A) A shadow is in the region of the attachment of the stapedius tendon 
to the neck of the stapes (arrow). (B) The stapedius tendon has been painted with lead (arrow). (C) By 
serial section the painted stapedius tendon could be traced to the pyramidal eminence which gives origin 
to the stapedius muscle (arrow). The pyramidal eminence lies immediately adjacent to the posterior genu 
of the facial nerve (cross-hatch arrow). (D) Edlowing removal of the stapedius tendon, the shadow in the 
medial tympanic cavity is still visible and is believed to represent the head of the stapes (arrow) and pos- 


ably "ghost shadows." 


Pdytome or a CGR Stratomatic tomo- 
graphic device. The factors were approxi- 
mately 35 kv., r5 milliamp, with a hypo- 
cycloidal or trispiral movement using a 9.6 
mm. focal spot tube giving sections of ap- 
prexmately 1.0 mm. thickness and sec- 
tions being taken at I.o mm. intervals. 
All manipulations on the temporal bone 
specimens were performed by removmg 


the tegmen of the epitympanic recess using 
a Zeiss operating microscope to ensure ac- 
curacy of lesion placement with as little 
disruption of normal anatomy as possible. 

The simulated pathologic states could 
be most accurately visualized in the Guil- 
len projection (transorbital with the head 
turned 15-20 degrees toward the side under 


investigaticn). The anteroposterior projec- 
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tion, when used, was second-most accurate 
and basal projections were of limited use- 
fulness. 

Normal Structures. For identification of 
normal structures, a minimum of 3 speci- 
mens was used for each investigation. The 
tendons of the tensor tympani (Fig. 2, 
A-C) and stapedius muscles (Fig. 3, .7—D) 
were tomographed before and after paint- 
ing the tendon with an 87 per cent carbon- 
ated lead paint. The tendons were excised 
and the specimen re-tomographed to see if 
any shadow suspicious of tendon on the 
pre-painting film was still present. 

The tympanic membrane was investi- 
gated by tomography before and after com- 
plete removal of the tympanic membrane. 
In addition, the tympanic annulus was 
also drilled away, followed by tomography 
(Fig. 1C). 

By inspection we felt that the suspensory 
ligaments of the ossicles were all very short 
and did not cast shadows in the medial 
portions of the tympanic cavity. The 
mucosal folds are exceedingly thin as is 
the chorda tympani nerve. These shadows 
were not thought to represent significant 
densities in view of our results with the 
tensor tympani and stapedius tendons. 

Pathologic States. The pathologic tissues 
to be simulated were as follows: (1) high 
protein fluid; (2) cellular debris and seba- 
ceous material; (3) bone destruction and 
bone productive changes; and (4) granu- 
lation tissue. Various materials were 
roentgenographed and their radiodensities 
compared to exudative fluid, pus, choles- 
teatomatous material and excised surgical 
specimens of cholesteatomas. 

Stuart’s bacteriologic media was found 
to be the same density as high protein 
fluid. In a similar manner, paraffin with a 
I per cent concentration of iodine by weight 
gave the same densitometric opacification 
as surgically removed cholesteatomas. In- 
creases of bone density were simulated by 
utilizing powdered bone meal in a small 
amount of glue, and fibrotic reactions were 
simulated by the addition of small bits of 
fascial tissue from beef. Necrosis and bone 
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destruction could not accurately be por- 
trayec and was simulated by drilling the 
approoriate areas with dental drills. 


RESULTS 


Nor nal Soft Tissue Densities. The posi- 
tions of the stapedius and tensor tympani 
tendoas could be accurately delineated 
with the painted specimen and at no time 
were ionopacified tendons visualized. The 
tympanic membrane did not cast a shadow. 
A fairt haziness was frequently seen on the 
speciraens, but this was made to disappear 
by grinding off the tympanic annulus and 
some of the adjacent bony external canal 
wall (ig. 1C). 

Simulated Pathologic Conditions. When 
homogeneous solutions such as the I per 
cent iodine 1n paraffin or the Stuart's bac- 
teriologic media simulating cholesteatom- 
atous cellular debris and high protein fluid, 
respe-tively, were utilized, comparison of 
the pre- and post-injected specimen tomo- 
grams showed only a very slight haze to the 
epitympanic recess and medial portions of 
the tympanic cavity (Fig. 4, 7 and B). This 
was »resent in all specimens, but the de- 
gree cf change was quite minimal. 

The placement of bits of fibrous tissue in 
the epitympanic.recess and tympanic cav- 
ity azain produced a haziness of a slightly 
greater degree than the 1 per cent paraffin 
or th2 Stuart's media specimens. Whether 
this -hange would have been sufficient to 
recognize in a living patient is not known at 
the present time. Placement of bone meal 
abou- the margins of the epitympanic re- 
cess and tympanic cavity produced the 
grea-est degree of haze, which increased as 
more bone was added. We were able to 
obsc. ire the shadow cast by the stapes, but 
the malleus and incus remained visible 
(Fig 5, Zand B). 

The roentgenologic pattern of dense 
cloucing of the epitympanic recess and 
tymoanic cavity was only achieved when 
the -rabeculated bone surrounding these 
cavizies was drilled away and a thick layer 
of bone dust inserted. This had to be fol- 


lowed by the insertion of fibrous tissue and/ 
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Fic. 4. Simulated cholesteatoma with 1 per cent iedine in paraffin. (4) Tomography in the pre-injected speci- 
men shows a clear air space around the body of the incus in the ep tympanic recess (arrows). The long pro- 
cess of the incus is clearly visible (cross-hatch arrow). (B) Following the injection of 0.35 cc. of I per cent 


- 


iodine in paraffin around the ossicles and into the epitympanic recess, and filling of the tympanic cavity 
(arrows), the long process of the incus is still clearly visible (cross-hatch arrow). There is only a very slight 
haze to the air space about the ossicles in the epitympanic recess. This change was consistently seen in all 


of the specimens. 


or 1 per cent iodine in paraffin. The inser- 
tion of heterogeneous densities into the 
cavities alone did not produce the char- 
aeteristic roentgen appearance of chcles- 


teatomas. The bone destruction produced 
by drilling as well as the bony productive 
changes simulated by the bone dust appear 
to be essential to demonstrate the roentgen 





Fic. z. Bone dust simulating sclerosis. (4) A clear epitympanic recess (arrows) in the preliminary tomograms. 
The long process of the incus and the stapes (cross-hatch arrow) is clearly visible. (B) Under direct obser- 
“ation through the removed tegmen of the epitympanic recess, bone dust was packed into the walls of the 
recess without disturbing the ossicular chain. The increase in over-all density gives a hazy appearance to 
the entire epitympanic recess (arrows). The saadow of the stapes (cross-hatch arrow) is faintly visible. 
The total picture is similar to but not exactly like a cholesteatome. . 
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Fic. 6. Multiple modalities to create a cholesteatoma picture. (4) In the premanipulated specimen, the scutum 
is sharply outlined (arrow). There is a clear epitympanic recess and medial tympanic cavity. (B) Using 
a dental drill the epitympanic recess was expanded slightly y drilling away all trabecular type of bone: 
the resultant enlarged cavity was lined with bone dust. Th= scutum (arrows) was blunted by the drill. 
Parts of the ossicular chain were thinned with careful drilling. [he epitympanic recess and tympanic cavity 
were packed with fibrous tissue and the intervening spaces fled with 1 per cent iodine paraffin. The com- 
bination of the bone destruction (drilling), bone production (bone dust), and heterogeneous opacification 
within the epitympanic recess and tympanic cavity closely simulates the roentgen picture of cholesteatoma. 


appearance of cholesteatoma (Fig. 


and D). 


6, A 


DISCUSSION 


Normal Structures. Obviously the valid- 
ity of our results could be questioned since 
so much more detail is available in speci- 
mens as compared to the living patient. On 
the other hand, if the structures or patho- 
logic processes cannot be identified in iso- 
lated temporal bone specimens, one should 
be extremely cautious in diagnosing these 
changes in the living patient. 

Attempts were made to identify the 
normal soft tissues such as tendons and 
membranes by tomography with the plane 
of cut parallel to the long axis of the struc- 
ture as well as perpendicular to the long 
axis of the structure involved. All too fre- 
quently the otic capsule became superim- 
posed on the structure in question, which 
made any demonstration clearly impos- 
sible. 

The shadow of the tympanic membrane 
has frequently been illustrated in the liter- 
ature."-* There is little question about its 


location on the roentgenogram since the 
long process of the malleus rests firmly 
attac-ed to the umbo of the tympanic 
membrane and its peripheral attachment 
to the tympanic annulus is well known. 

Ir viewing anteroposterior tomograms, 
or Guillen projections, a distinct differ- 
ence of density is obvious with the tym- 
pam c cavity being more radiolucent than 
the rzgion of the external canal in normal 
patieats. The sharp delineation of these 2 
densrties could logically be attributed to 
the tympanic membrane. In over 12 speci- 
mer s no difference could be detected before 
and after the removal of the tympanic 
membrane. [t was thought that the tym- 
panic annulus may have cast a shadow so 
the bony ridge was removed with a bone 
dri. This did not prove to be sufficient 
bone removal to alter the shadow that ap- 
peared in the region of the tympanic mem- 
branz. It was only after large amounts of 
bone were removed from the region of the 
medial-most portion of the external audi- 
tory canal that a distinct change began to 
take dlace about the region of the tympanic 
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membrane. It would seem logical that the 
shadow suspected of being due to tym- 
panic membrane is merely the dense bone 
of the external auditory canal compared 
to the more cellular and porous bone sur- 
rounding the tympanic cavity and mastoid 
air cell region. This same phenomenon 1s 
probably highly significant in the chcles- 
teatoma problem, as will be discussed later. 

The cochleariform process is a poorly 
marginated bony protrusion from the upper 
portion of the promontory. It serves as the 
fulcrum for the tensor tympani tendon and 
accompanies the tendon to some extent 
into the tympanic cavity. Because of its 
irregular margins, it blends with surround- 
ing densities to give a suggestion of visuali- 
zation of the tendon of the tensor tympani 
muscle. By painting the tendon of the 
tensor tympani we were able to defne 
how far the cochleariform process projected 
into the tympanic cavity. Also, follow:ng 
removal of the tendon, the cochleariform 
process was still visualized as an ill-defined 
shadow in the medial portion of the 
tympanic cavity superimposed upon the 
shadow of the stapes. Tomography demon- 
strates that this shadow disappears as 
one approaches the level of the oval window 
niche. 

As best we could determine, none of tne 
arteries or veins about the tympanic cav- 
ity could be demonstrated in non-injected 
specimens. [here was no evidence of chanze 
follewing removal of the chorda tympani 
nerve and its accompanying vessels. 

Simulated Pathologic States. At first our 
findings were quite disturbing in that we 
were not able to demonstrate a greater 
degree of change when high protein fluid 
or I per cent iodine in paraffin was in- 
stilled into the tympanic cavity. When 
one considers the over-all density of the 
bones of the mastoid and the small capacity 
of the tympanic cavity, these findings be- 
come more reasonable. Despite the small 
volume of air replaced by simulated lesions, 
we were still able to show some haziness in 
the epitympanic recess. The similarity in 
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haziness caused by fibrous tissue or by 
packing bone meal in the wall of the epi- 
tympanic recess bears a close parallel to 
the changes one observes in chronic frontal 
sinus disease. In sinus disease one fre- 
quently sees reactive bone sclerosis about a 
frontal silus or maxillary antrum that causes 
an over-all haziness closely simulating a 
fluid-filled sinus. Since the pathophysiology 
of the mastoid air cells and the tympanic 
cavity is quite similar to the paranasal 
sinuses, one would not be surprised to see 
reactive bone sclerosis in the adjacent 
bones when a chronic inflammatory dis- 
ease process is present in the lumen of the 
cavity. Similarly, destruction of bone septa 
and trabeculae with simulated reactive 
bone sclerosis is essential to reproducing the 
roentgen changes one sees with cholestea- 
toma (Fig. 6, Z and B). Our results would 
confirm that on tomography a great deal of 
bone destruction as well as production must 
be present to produce the characteristic 
roentgen changes of cholesteatoma in the 
epitympanic recess and mastoid antrum. 
The material filling the resultant bone cav- 
ity must be heterogeneous and combined 
with bone destruction to produce the loss 
of detail of the ossicular chain that one 
sees in the moderately advanced cholestea- 
toma. 

In clinical roentgenology some factors 
that we were unable to evaluate were the 
thickening of the tympanic membrane that 
takes place in chronic ear disease and the 
calcific plaques that become deposited in 
advanced tympanosclerosis. Unless the 
amount of calcium is quite marked, it is 
presumed that it would act similarly to 
small amounts of paraffin or the Stuart's 
bacteriologic media that cast only a faint 
shadow. 


CONCLUSIONS 


1. Many of the soft tissue shadows seen 
"within" the tympanic cavity are in 
reality bone thickenings anterior or pos- 
terior to this cavity casting their shadow 
in the lumen. 
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ARTERIOGRAPHIC TOPOGRAPHY OF 
ORBITAL LESIONS* 


By S. L. G. ROTHMAN, E. L. EIER, W. E. ALLEN, III, and A. G. PRATT 


NEW HAVEN, CONNECTICUT 


RBITAL lesions may be evaluatec ra- 

diographically by plain film roentgen- 
ography, laminagraphy, orbital venogra- 
phy and cerebral angiography.?:5: 3-19 = 25,25 
Comprehensive works are available de-ail- 
ing the bone changes in many types of 
imtraorbital disorders. The plain lm 
roemtgenograms may be of value in both 
localizing and characterizing the les ons. 
Frequently, however, the bone abnormali- 
ties are nonspecific. Orbital venography 
may be helpful in localizing orbital tu- 
mors;*?*?5 however, this procedure will not 
provide information as to the histolozy of 
the lesion. Orbital ultrasound is becoming 
increasingly popular for the localizatior of 
orbital mass lesions. Orbital arteriography 
is of value in that it will usually provide 
loca izing information and will, on occasion, 
suggest the actual histology of the turor. 
It is most helpful in delineating extraorb tal 
extensions of invasive tumors. 

It is the purpose of this communica- on 
to present a topographic analysis of orbital 
lesions based on the arteriographic find ngs 
and to characterize the different types of 
displacements according to the anatomic 
zones within the orbit. The differential 
diagnosis within the various sectors vill 
also be discussed. 


TECHNIQUE 


The arteriographic evaluation of orb -al 
lestoms should include at least 2 and pre'er- 
ably 3 projections; lateral, submentover- 
tical, and frontal projection with the tube 
angled cranially approximately 10 degrees 
to the orbito-meatal line.” Stereoscopic 
evaluation, especially in the lateral projec- 
tion, is valuable in obtaining a 3 dimen- 
siona! concept. 


The degree of intraorbital visualization 
is related both to the amount of contrast 
medium injected as well as to the site of in- 
jection. Although retrograde brachial and 
common carotid arteriography will opacify 
the ophthalmic artery and its branches, 
selective internal carotid artery injection 
enhances visualization. Direct magnifica- 
tion using a small focal spot x-ray tube, 
and photographic subtraction?? add to the 
diagnostic accuracy of orbital arteriog- 
raphy. Orbital lesions should be evaluated 
by external carotid arteriography as well. 
Lesions involving the inferior portion of the 
orbit may be vascularized by the infra- 
orbital artery, a distal branch of the maxil- 
lary artery.!? 


ANATOMY 


The normal anatomy of the ophthal aic 
artery and its branches has been detailed 
by Hayreh and co-workers," and may 
be summarized as follows: The ophthalmic 
artery complex is divided into 3 sections, 
the first 2 are extraorbital and consist of an 
intracranial and an intracanalar segment? 
(Table 1). 


The intracranial segment is between 0.7— 


TABLE | 
DIVISIONS OF THE OPHTHALMIC ARTERY 
(After Vignaud et a/.*3) 


A. Intracranial segment 
B. Intracanalar segment 
C. Intraorbital segment 
I. Infraoptic portion 
2. Circumneural portion 
a. Supraoptic loop 
b. Intraoptic loop (type 1 and 2) 
3. Terminal portion 


* From the Section of Neuroradiology, Department of D*aznostic Radiology, Yale University School of Medicine and Yale-New 


Haven Hospital, New Haven, Connecticut. 
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9.4 mm. in length, arising in most cases 
from the anteromedial or superomedial 
aspect of the internal carotid artery, intra- 
durally, approximately at the level of the 
anterior clinoid process.’ Rarely, it origin- 
ates more proximally from the intracavern- 
ous portion of the internal carotid artery in 
which case it enters the orbit through a 
separate canal in the optic strut.” 

The second, intracanalar segment, is that 
portion within the optic canal that lies in 
relation to the inferior lateral surface of the 
optic nerve. Roentgenographically this 
portion is usually seen as a straight seg- 
ment with only minimal undulation. On 
very rare occasions the extraorbital seg- 
ment of the ophthalmic artery may be 
totally absent.!° The orbital structures are 
then vascularized via collaterals through 
the superior orbital fissure or by other 
meningeal arteries. 

Intraorbital segment. There have been 
several schemata for classifying the intra- 
orbital segment. That presented by Vig- 
naud eż al.” is most suited for a topographic 
analysis of orbital masses. In this scheme 
the intraorbital segment is divided into 3 
portions. The first or infraoptic portion 
runs below the optic nerve within the mus- 
cle cone and extends for approximately 
10-15 mm. In all 3 projections this portion 
appears as a direct extension of the intra- 
canalar segment, extending anteriorly and 
inferolaterally in a straight or slightly un- 
dulating course. 

The second portion of the intraorbital 
segment crosses the optic nerve. For pur- 
poses of later discussion we have proposed 
the term “‘circumneural” for this portion of 
the ophthalmic artery. This circumneural 
portion may present in one of three differ- 
ent configurations. The most common type 
is a supraoptic loop in which case the oph- 
thalmic artery emerges from beneath the 
optic nerve on its lateral aspect and as- 
cends around the superior surface of the 
nerve ultimately emerging on the medial 
side where it continues forward perforating 
the muscle cone to extend along the medial 
wall of the orbit. On the lateral roentgeno- 
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gram this is seen as the classical "bayonet" 
appearance (Fig. 14). In the frontal view a 
well -ormed medially directed concave loop 
is visiole (Fig. 18). Less commonly this 
portion may present as 2 varieties of an 
infracptic loop. In the first variety the 
ophthalmic artery emerges from below the 
nerve and ascends directly along the medial 
side of the nerve. In the lateral view the 
ophthalmic complex has an “L” shape 
rather than the more usual bayonet. In the 
fronzal projection there is no round loop 
about the nerve. 

Ir -he second variety of infraoptic loop 
the ophthalmic artery again emerges on 
the medial side but in this case ascends in a 
sem c rcular direction to the superior sur- 
face of the nerve thereby forming a loop 
about the medial half of the nerve. In the 
lateral projection the "bayonet" appear- 
ance s maintained but in the frontal view 
the zircumneural loop is concave laterally.” 

The third intraorbital portion of the 
ophthalmic artery is variable and is the 
most tortuous. The majority of the visual- 
izec branches arise from this portion. It is 
often difficult to distinguish the small 
intraorbital branches that arise from the 
ophthalmic artery due to the 2 dimen- 
sional nature of the roentgenogram. There 
are certain exceptions. The anterior and 
posterior ethmoidal arteries, the largest 
medially directed branches, can be de- 
tected in the lateral and submentovertical 
prcjections (Fig. 1C). The lacrimal artery, 
wh ca ascends to vascularize the lacrimal 
gland, can also be identified in the submen- 
tovertical and anteroposterior projections 
where it is seen arising near the first loop of 
the cphthalmic artery and extending to the 
superolateral quadrant of the orbit. 

‘Vhen prominent, the supraorbital artery 
can be recognized because of its egress from 
the orbit via the supraorbital canal. The 
mein trunk of the ophthalmic artery con- 
timues as the angular artery which can be 
seen in all three projections. It makes a 
characteristic loop at the level of the troch- 
lea of the superior oblique muscle where it 
continues forward and medially. 
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The characteristic crescentic blush of the 
chercid layer of the eye was first described 
by Schurr™ in 1951 and can be visualized 
on nearly all cerebral angiograms.’ There 
are no accurate measurements for tie 
pos tion of the choroidal blush and marked 
var ation in position exists. This is due in 
parz to the effect of small degrees of rota- 
tior on the spatial relationship of the 
choroid to the more lateral zygomatic 
arches and more medial tuberculum sellze 
(Fig. 2, 4-C). The crescentic blush usual v 
appears 3 and 4 seconds after injection of 
the contrast medium into the internal 
carctid artery* and fades within 4 seconds. 
The choroidal blush may be seen in tke 
frontal projection (Fig. 34). Usually only 


Fie. 1. (4-C) Diagrammatic representation of the an- 
atomic relationships of the ophthalmic artery. (4) 
Lateral, (B) frontal, and (C) verticosubmental pro- 
jection. 1— optic n.; 2=choroidal blush; 3=infraoptic 
portion; 4=circumneural portion; § = angular a.; 6=1la- 
crimal a.; 7 — supraorbital a. 


the superior and medial surfaces are visual- 
ized but on occasion the entire circle is seen. 
In our experience the choroidal blush is 
frequently Gemonstrated in the submento- 
vertical projection (Fig. 35). Lateral and 
medial displacement as well as compression 
of the globe can be evaluated. The degree 
of proptosis is difficult to evaluate in this 
proJection because small changes in the 
angulation of the head will change the 
relative posi-ion of the choroid. 


TOPOGRAPHIC ANALYSIS 


The orbit can be divided into zones de- 
pending on the direction of displacement 
of the major vessels and the choroidal 


blush (Fig. 4). 
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Fic. 2. (4-C) Wire model of the ophthalmic ar- 
terr, its branches and choroidal blush demon- 
strecing the effect of slight rotation on the rela- 
tior ship of the choroid ( A ) to the surrounding 
bory structures. Note the relationship of the 
cheroidal blush to the lateral orbital rim (LR) 
anc tuberculum sellae (TS) in the true lateral 
projection (4) and the changes in these rela- 
tionships with slight rotation toward the film 
(B; and away from the film (C). 


The following classification based on D. Inferior lesions 
vascular displacements was selected: E. Central nerve and sheath lesions 
A. Superolateral lesions F. Central muscle cone lesions 
B. Superomedial lesions For the purpose of this analysis the char- 
C. Medial lesions actedstic angiographic changes in each pro- 
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Fic. 3. (4 and B) Normal choroidal blush (A) as seen in t-e capillary phase of a selective internal carotid 
arteriogram in (4) the frontal and (B) submentovertical projections. 
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jection will be dealt with separately. 
LATERAL PROJECTION 


A great deal of information is available 
on the lateral roentgenogram concerning 
the position of intraorbital masses. 

Superolateral Lesions. Lesions confined 
tc the superolateral quadrant of the orbit 
are distant from the main trunk of the 
ophthalmic artery. Consequently, sigaifi- 
cant displacement of the ophthalmic artery 
is unusual. However, one would expect to 
find deviation of the lacrimal artery as well 
as the superior muscular and ciliary arter- 
ies. These vessels will appear stretched and 
bewed downwards indicating a vector 
from above (Fig. 5, 4 and B). The choroid 
w ll be displaced anteriorly and downward 
corresponding to the amount of proptosis. 
Lesions which cause downward bowing of 
the smaller orbital vessels but do not affect 
the main trunk of the ophthalmic artery 
will most likely be within the superior lat- 
eral quadrant. Masses in this sector include 
lacrmmal gland tumors, dermoid cysts, ind 
sphenoid ridge meningiomas. 

Superomedial Lestons. Superomedial le- 
siens distort the main trunk of the oph- 
thalmic artery and its medial branches be- 
cause of their proximity (Fig. 6, /—D). 
These vessels will appear stretched, and 
dewnwardly bowed indicating a force from 
above. The normal relationship of the 
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Fic. 4. Diagram of the topographic division of or- 
bital lesiors. A. Superolateral lesions; B. supero- 
medial lesion; C. medial lesions; D. inferior lesions; 


E. central nerve and sheath lesion; F. central 


muscle cone lesion. 


proximal portion of the ophthalmic artery 
to the optic nerve and muscle cone may be 
maintainec. Consequently the loop of the 
circumneural portion of the ophthalmic 
artery will be preserved. Large lesions wil 
on occasion so distort the orbital content 
that the loop will be effaced. The choroidal 
blush will be displaced anteriorly and 
downward. The differential diagnosis in- 
cludes: downward extension of intracranial 








Fic. 5. (4 and B) Superolateral mass lesion (dermoid) in the latera. projection. The ophthalmic artery is 
normal throughout its course ( A ). The lacrimal artery and the su»erior muscular branches are stretched 
enc displaced downward (A). The choroidal blush is displaced forward (A). Displacement of the superior 
branches with a normal ophthalmic artery is characteristic of superclateral masses. 
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Fic. 6. Superomedial mass lesions in the lateral projection. (4 and B) Mucocele of the frontal sinus displacing 
the ophthalmic artery (A) downward. The angular artery and other superior branches are displaced 
downward (4). (C) Fracture of the floor of the frontal fossa with herniation of the brain into the orbit. 
The entire ophthalmic arterial complex is displaced downwerd ( Å ). Fracture lines are noted within the 
frontal bone (Ñ). (D) Superior tumor displacing the ophthalmic artery ( 4) and its distal branches (À) 


downward. 


lesions including meningiomas and trau- 
matic brain herniation; frontal sinus muco- 
cele; osteoma; or carcinoma. 

Medial Lesions. Small medial lesions may 
be quite difficult to diagnose in the lateral 
proJection. The majority of the mass effect 
Is directed laterally, perpendicular to the 
plain of the film. Consequently, the extent 
of the displacement cannot be determined. 
There will usually be some straightening 
and loss of undulations of the ophthalmic 
artery suggesting that the vessel is being 
displaced along its horizontal axis (Fig. 7, 
A and B). The frontal and submentover- 


tical projections are the key to diagnosis of 
these lesions. The choroidal blush will be 
normal or imperceptibly displaced. Dif- 
ferential diagnosis includes: osteoma of the 
ethmoid sinus; ethmoid tumors including 
carcinoma; lymphoepithelioma; and chon- 
dral tumors. 

Optic Nerve or Sheath Lesions. Because of 
the intimate relation of the proximal por- 
tion cf the ophthalmic artery to the optic 
nerve, a lesion of the optic nerves and their 
dural coverings cause characteristic angio- 
graphic changes (Fig. 8, 4-C). The infra- 
optic portion of the ophthalmic artery may 
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Fic. 7. Medial lesions in the lateral projection. 7) Osteoma of the e-hmoid sinus. The terminal portion of the 
ophthalmic artery ( A) is stretched and bowed around the bony mass lesion. (B) Lymphoepithelioma of 
the ethmoid sinus invading the orbit. Tumcr vascularity is noted (A), however, the major trunk of the 
ophthalmic artery is not deviated. Lateral ceviation is best demonstrated in the frontal and submento- 
vertical projections. 





Fic. 8. (4 and B) Optic nerve lesions in the 
lateral projection. The infraoptic portion of 
the ophthalmic artery is normal and the cir- 
cumneural loop is widened (  ). The 
major branches are swept around the mass 
(4) and the choroidal blush (A) is displaced 
forward and flattened. The extent of the 
lesion is delineated by multiple stretched ves- 
sels. (C) In this case the infraoptic portion of 
the ophthalmic artery is depressed in addition 
to the widened circumneural loop. This glioma 
is considerably larger than the previous one 
and the vascular displacement consequently 
is more marked. 
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Fic. 9. (4 and B) Muscle cone lesion in the lateral projection | 1emangioma). The first portion of the oph- 
thalmic artery is normal. The inferior branches (44) and the angular artery (A) are straightened and 
stretched indicating the central position of the mass. 


be depressed. The major change, however, 
involves the arterial loop around the optic 
nerve. These lesions cause widening of the 
nerve and consequently this circumneural 
segment will be stretched and widened. The 
normal range for the width of the loop is 
stated to be from 3 to 7; mm.? The terminal 
portion of the artery is stretched and ele- 
vated. The muscular branches and the cil- 
lary arteries may also be swept around the 
expanded nerve. The choroidal blush may 
be flattened, deformed, or displaced directly 
forward. Three lesions are of primary con- 
sideration in this area: optic nerve glioma; 
neurofibroma; and primary orbital men- 
ingioma. When tumor hypervascularity is 
absent these 3 lesions will be indistinguish- 
able angiographically. 

Muscle Cone Lesions. The intraorbital 
segment of the ophthalmic artery and its 
branches will be displaced in accordance 
with the exact location of the lesion (Fig. 
9, £ and B). The superiorly directed mus- 
cular branches can be displaced superiorly 
and bowed upward. The lateral branches 
are bowed laterally and the inferior 
branches are displaced inferiorly. While it 
may be impossible to specifically identify 
which muscular arteries are opacified on 
the arteriogram, the characteristic pattern 
of bowing will indicate that the mass lies 
centrally within the muscle cone. The 


relatio- of the ophthalmic artery to the 
optic merve is maintained throughout its 
first and second portions and accordingly 
the circumneural loop will not be widened. 
The choroidal blush will be displaced for- 
ward «nd may be flattened. A number of 
lesions characteristically occur in this area; 
i.e., hemangiomas; varicocele; and sar- 
comas. 

Inferior Lesions. Large inferiorly placed 
masses distort the ophthalmic arterial com- 
plex im a characteristic manner (Fig. 10, 
4-C). The ophthalmic artery as well as the 
muscular and ciliary branches are stretched 
and bewed upwards. The choroidal blush 
will be indented posteriorly and displaced 
forwards. If these lesions originate within 
the muscle cone the lateral and medial 
muscular branches will be splayed apart as 
well as elevated. These findings are best 
demonstrated in the submentovertical pro- 
jection (Fig. 13, 4 and B). Small lesions 
arising within the inferior portion of the 
orbit or invading from the maxillary sinus 
or nasopharynx should be evaluated by 
external carotid arteriography.!? The in- 
fraorbital and sphenopalatine arteries and 
their branches commonly supply lesions in 
this sector. Orbital lesions extending into 
the m-xillary sinus will cause localized in- 
ferior bowing of the infraorbital artery.’ 
This vessel is characterized by its straight 
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Fic. 10. (4-C) Inferior lesion in the lateral pro- 
jection (hemangioma). (4 and B) Arterial 
phase; (C) venous phase. The ophthalmic 
artery ( Å ) and its distal branches (Å) are 
elevated and stretched. An abnormal verus 
structure ( Á ) is seen in both the arterial ind 
venous phases. The choroid (A) is flatteaed 
and displaced forward and upward. 


course within the infraorbital groove and 
canal. Its downward displacement wil be 
found in fractures of the orbital floor with 
localized mass, malignant orbital tumors 
extending into the maxilla (rhabdomy »sar- 
coma, etc.). The infraorbital artery w 1l be 
displaced upward with spread of carcinoma 
from the maxillary antrum. Tumor hrper- 
vascularity arising from the infraorbital or 
sphenopalatine arteries may occur without 
major vessel displacement. This comnzonly 
occurs in cylindroma, juvenile angiofi- 
broma and meningioma. 


SUBMENTOVERTICAL PROJECTION 


The submentovertical (SMV) projection 
complements the lateral projection better 
than the frontal projection. In the frental 
projection the ophthalmic artery and all of 
its major branches course forward per- 
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pendicular to the plane of the film (Fig. 
1 B). Consequently, except for the circum- 
neural loop the remainder of the vessel ap- 
pears foreshortened. In the SMV projection 
the full ‘ength of each visualized vessel 
may be evaluated. The choroidal blush 1s 
very frequently visualized. Deviation or 
distortion of the back of the globe can be 
evaluated. 

Medial and Lateral Lesions. The relation- 
ship of tae intracanalar and intraorbital 
segments of the ophthalmic artery to the 
sphenoid and ethmoid sinuses 1s most easily 
determined in the SMV projection (Fig. 11, 
A and B). Consequently, masses arising 
from these structures stretch and straighten 
the ophthalmic artery displacing it later- 
ally. 

Lateral y situated lesions and those 
growing tirough the sphenoidal wing will 
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Fic. 11. (4 and B) Medial lesion in the submentovertical projection. Carcinoma of the ethmoid sinus. The 
ophthalmic artery ( A) is stretched, displaced laterally and outlines the lateral aspect of the tumor. 


displace the proximal portions of the 
ophthalmic artery medially. 

Optic Nerve and Sheath Lesions. As previ- 
ously described, lesions of the optic nerve 
and sheath characteristically distort the 
circumneural loop of the ophthalmic artery. 
This 1s demonstrated to advantage in the 
SMV projection (Fig. 12, Æ and B). The 
infraoptic portion is displaced laterally. 
The loop segment is stretched and straight- 
ened as 1t courses over the optic nerve. The 
combination of lateral deviation of the in- 
fraoptic portion of the artery and expan- 
sion of its circumneural loop is character- 
istic of optic nerve or nerve sheath tumors. 

Muscle Cone Lesions. Masses within the 
muscle cone will separate and splav the 
distal ophthalmic artery branches toward 





the periphery of the orbit indicating the 
central location of the mass (Fig. 13, £ and 
B). Ceatrally located tumor vascularity, 
when rresent, 1s helpful in localizing the 
mass. [n contradistinction to optic nerve 
lesions, the circumneural portion of the 
ophtha_mic artery should be normal. 


FRONTAL PROJECTION 


In the frontal projection alterations in 
topogrephy are manifest by displacement 
of the ophthalmic artery complex and/or 
the choroidal blush in the horizontal or 
vertica. planes. 

Medal and Lateral Lesions. Medial 
lesions, those arising from the ethmoid 
regiom or nasal cavity, displace the infra- 
optic and circumneural portions of the 














3»5- 


Fic. 13. (4 and B) Muscle cone lesion in the submentovertica projection (hemangioma). The infraoptic and 


circumneural portions of the ophthalmic artery are norma ( A ) excluding an optic nerve glioma. 


The 


central position of the mass is suggested by the lateral displacement of the muscular and lacrimal arteries 
(4). An abnormal venous channel is demonstrated ( A ). 
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Frs. 12. (4 and B) Optic glioma in the submertovertical projection. The infraoptic portion of the ophthalmic 
artery is displaced laterally (A). The circe nneural loop is stretched over the enlarged optic nerve (A). 
The choroidal blush (4) is displaced forwa-1 and flattened. 
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Fic. 14. (/4-C) Medial lesion in the frontal projection (lymphoepathelioma of the ethmoid sinus). (4 and B) 
Arterial phase. The infraoptic portion of the ophthalmic artery is stretched and the circumneural loop is 
displaced laterally (Ñ). (C) Venous phase. Tumor stain is present in the medial aspect of the orbit ( A) 


and the choroid blush is displaced laterally (4). 


ophthalmic artery laterally; however, there 
is usually a minimal deformity of the cir- 
cumneural loop (Fig. 14, Æ and B). There 
may be lateral displacement of the chor- 
oidal blush (Fig. 14C). 

Lateral lesions will deviate the ophthal- 
mic arterial complex and the choroidal 
blush medially (Fig. 15, 47 and B). The in- 
fraoptic segment and loop will be displaced 
as well as the more distal branches. In this 
instance, however, one must be aware of 
the normal variations as the infraoptic 
type of ophthalmic artery will normally 


appear more medial than the supraoptic 
variety because the artery lies medial to 
the nerve in this instance. 

Superior and Inferior Lesions. Superior 
masses will displace the infraoptic and 
loop segments downward. Anteriorly lo- 
cated lesions may distort the trochlear 
loop as well as the angular and supraorbital 
branches. Inferior lesions will elevate the 
entire complex superimposing it upon the 
middle cerebral artery (Fig. 16). Conse- 
quently, it will be difficult to define the 
ophthakmic artery in such cases in this pro- 
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Fic. 15. (4 and B) Lateral lesions in the frontal projection (meningosarcoma). The infraoptic portion of the 


ophthalmic artery ( Å ) and the choroidal blush are displaced medially (A). 


jection. Vertical displacement of the chor- REFERENCES 

oid is difficult evaluate on the frontal I. ALLEN, W. E., IIT, Kier, E. L., and ROTHMAN, 
film. Minor variations in the angle of the S L G. Maxillary attery> normal: anteno. 
incident beam will cause apparent depres- graphic anatomy. Am. J. ROENTGENOL., Rap. 
sion of the choroid. If the projection is Tuerapy & Nucrear MED., 1973, 778, 517- 
correct, downward displacement can be pap 

appreciated. 


SUMMARY AND CONCLUSIONS 


A topographic analysis of the vascular 
alterations of orbital mass lesions is pre- 
sented. 

The orbit is divided into 6 zones and le- 
stons in these zones are correlated with 
specific changes involving the ophthalmic 
artery and its branches. With this informa- 
tion many intraorbital lesions can be de- 
fined. 

While this approach will be helpful in 
most cases of orbital masses, there will be 
instances when lesions will be so large as to 
defy precise localization within the orbit. 

Very small tumors may demonstrate 
only minimal distortion or displacement 
of the vascularity precluding arteriographic 
diagnosis. 
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THE ROENTGENOLOGIC DEMONSTRATION 
OF SINUSITIS* 


By A. AXELSSON and C. JENSEN 


GOTEBORG, SWEDEN 


T 1s obvious that a correct diagnosis has 

to be established before correct treat- 
ment of a particular disease can be insti- 
tuted. However, the diagnosis, especially in 
routine medical care, often lacks reliability. 
Instead, the patient is often treated ''as 
if" he suffered from a particular disease or 
in order “‘to be prepared.” The need fer cor- 
rect diagnosis is especially evident if ther- 
apy differs between a disease and related 
cenditions. This is the case in acute sinu- 
sitis. The difference between an uacom- 
plicated rhinitis and a sinusitis is indistinct 
from a pathophysiologic and clinical view- 
point. However, an uncomplicated rhinitis, 
in general, does not require any major 
therapy, but the sinusitis often requires 
antibacterial treatment. Furthermcre, if 
secretion is present in the diseased sinus, 
healing often requires uncomfortable drain- 
age measures: 7.¢., irrigation, and a Io 
day’s treatment of antibiotics. Both these 
measures can apparently be omitted n the 
treatment of uncomplicated rhinitis. The 
establishment of reliable clinical methods 
to differentiate between the two conditions 
is obviously needed. 

The common clinical means to establish 
the diagnosis of sinusitis are often tco un- 
reliable (the patient’s history, inspection of 
the nasal mucosa, diaphanoscopy), or are 
too uncomfortable for the patient 'sinu- 
copy, or diagnostic irrigation). The roent- 
zenologic examination, on the other hand, 
is both painless and safe, and its import- 
ance for the establishment of a diagnosis of 
sinusitis has been ascertained by many 
authors. 5,9,12,14,15,18 

Roentgenologic sinus examination, in 
zeneral, contains 4 standard projec-ions: 
the occipito-frontal (OF); the occpito- 
mental (OM); the lateral (L); and the axial 


(A). For the demonstration of fluid, a hori- 
zontal beam has to be used with the patient 
In a sitting position. The different projec- 
tions show the different sinuses and are 
routmely made on suspicion of sinusitis. 
The clirically most important feature to 
be demoastrated roentgenologically in sinu- 
sitis is tie occurrence of fluid in the sinus, 
indicatirg impaired drainage and possible 
infected secretion in the sinus. The fre- 
quency of inflammatory changes varies 
greatly «mong the sinuses, most frequently 
affecting the maxillary sinus and least fre- 
quently, the sphenoidal sinus. The con- 
fidence of demonstrating secretion by the 
4 routinely adopted projections is poor, 
when controlled with subsequent irriga- 
tion.*79 $158 [n general, the interval be- 
tween the roentgenologic examination and 
the subsequent irrigation either was not 
given by the above authors or amounted to 
several days. In a similar investigation 
using immediate irrigation after the roent- 
genologie examination, the lack of confi- 
dence of the 4 standard roentgenograms in 
demonstrating sinus secretion could also be 
confirmed." These authors also showed 
that the confidence of demonstrating secre- 
tion in rraxillary sinuses could be increased 
from 24 -o 88 per cent in all not completely 
opaque sinuses by adding a fifth projection, 
the occipito-mental side (OMS), with the 
patient's head recumbent and the diseased 
side downwards. The secretion then moves 
from the alveolar recess, where it is hard to 
detect, to the zygomatic recess, where it is 
easily observable. Pathologic findings in the 
frontal smuses can be examined in a similar 
manner, adopting the OF view, with head 
tilted (OFS). 

The aim of the present investigation was 
to examine the reliability of routine roent- 


* From the Departments of Otolaryngology and Radielogy, Lundby Medical Center, Góteborg, Sweden. 
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genologic methods in an attempt to sim- 
plify the roentgenologic examination, pref- 
erably with increased roentgenologic con- 
fidence. 


MATERIAL AND METHOD 


The sinus roentgenograms of 300 ran- 
domly selected patients referred for sus- 
pected sinusitis were evaluated. All patients 
had been examined by the 4 standard 
views: OF, OM, L, and A. In addition, the 
above mentioned occipito-mental and oc- 
cipito-frontal projections with the cheek 
down (OMS, OFS) had been performed in 
all cases with any maxillary or frontal 
sinus changes except complete opacity. 
The OM projection was checked first, 
since it gives the best view of the most 
commonly diseased sinuses, the maxillary, 
and findings were noted. Then additional 
views were checked and changes from the 
preliminary findings noted. 

The present investigation was limited to 
adult patients, 15 years or older. Since the 
ethmoidal cells lying closest to the nasal 
cavity are involved in the infectious pro- 
cess very early in rhinitis and sinusitis,!° 
and since uncomplicated changes here sel- 
dom require specific therapy, the ethmoidal 
cells were not included in the roentgeno- 
logic evaluation. The complete results are 
given elsewhere, including an examination 
of healthy controls and an estimation of the 
economical savings made possible with the 
new roentgenologic sinus procedure.’ The 
results are usually limited to the straight 
roentgenologic findings. 


RESULTS 


The evaluation of the sinus roentgeno- 
grams is given in Table 1. Thirty-two per 
cent of the patients with clinical suspicion 
of sinusitis had normal roentgenegrams. 
Fifty-six per cent had changes confined to 
the maxillary sinuses only, I per cent to 
the frontal sinuses only, and 11 per cent to 
both maxillary and frontal sinuses. None 
of the 300 patients showed changes in the 
sphenoidal sinus. These figures clearly 
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demonstrate the great variation between 
the diterent sinuses. 

The types of the roentgenologic findings 
are given in Table r. In the maxillary 
sinuses, mucous membrane thickening 
only, mucous membrane thickening in com- 
bination with secretion, and complete 
opacity were approximately of equal occur- 
rence (15 per cent each), whereas other 
changes were unusual (3.5 per cent). The 
frontal sinuses were missing in 3 to 4 per 
cent. 

The confidence of the different roent- 
genolegic projections in comparison with 
the bes.c OM projection is given in Table 
rrt. It appears that the OM view has a high 
degree of diagnostic reliability for demon- 
strating maxillary changes. In some cases 
with mucous membrane thickening, but 
without secretion in the OM view, secre- 
tion ippeared in the OMS projection 
(Pip, L 4 and B: and 2, 4 and B). In 
sinusitis confined to the maxillary sinus, the 
additional 3 projections never disclosed any 
different roentgenologic findings. In some 
cases, the OM view failed to show both 
frontal sinuses due to technical reasons, and 
in othe- cases the frontal sinuses were too 


TABLE I 


ROENTGENOLOGIC EXAMINATION OF 300 PATIENTS* 








Changes No. | Per Cent 
None 97 32 
In one maxillary sinus 88 29 
In both maxillary sinuses 80 27 
In one frontal sinus 3 «I 
In both frontal sinuses I «I 
In one maxillary and one frontal 
sinus 12 4 
In one maxillary and both 
frontal sinuses 2 «I 
In both maxillary and one 
frontal sinus 14 5 
In both maxillary and both 
frontal sinuses 4 I 
300 100 


* Occipito-frontal (OF); occipito-mental (OM); lateral (L); 
axial (A); and sometimes occipito-frontal (OFS), and occipito- 
mental *OMS) views with cheek downward. 
































Voi. 122, No. 3 Roentgenologx Demonstration of Sinusitis 623 
Taste II 
PERCENTAGE OF TYPES OF SINUS CHANGES 
Right Left Total Right Left Total Sphe- 
Maxillary Mawrlary Maxillary Frontal Frontal Frontal noidal 
No changes 47 §: £1 89 91 go O 
Mucous membrane thick- 
ening (MMT) 13 I 15 3 2 2.5 O 
Secretion 2 «1 I 4 2 2 O 
MMT + secretion 16 ts 15 «I <I «I O 
MMT +polyp <I «I O [e O O 
Polyp or cyst 4 k- du O O O O 
Complete opacity is = Dd 2 I hag 
Frontal sinus missing 4 3 as 
Number of sinuses 300 30 600 300 300 600 300 
large for satisfactory evaluation in th» OM DISCUSSION 


projection only. When the frontal simuses 
could be evaluated on the OM view, there 
were only § cases where the preliminary 
finding had to be corrected after examining 
the OF projection. The lateral (L) and axial 
(A) projections never gave additional in- 
formation to the preliminary roentzeno- 
logic findings in sinusitis. 


The number of roentgenologic examina- 
tions per capita is constantly increasing. 
The use of medical x-ray film increased 44 
per cent in the United States from 1958 to 
1963 compared with an increase of popula- 
tion of 14.3 per cent. According to official 
statistics in the U.S.A., the index of annual 
medical x-ray film consumption set at 100 


TABLE III 


TYPE OF MAXILLARY CHANGES IN THE FIRST -VALUATED PROJECTION (UPRIGHT, OM) IN COMPARISON WITH 
THE SUBSEQUENTLY EVALUATED PROJECTION (SIDE, OMS) 











Evaluation after the first evaluated projection (OM) 





The results after evaluation of 
OM+OMS projections 


No 


changes 


MMT!  S—-etion 











Noschanges 
MMT! 

Secretion 
MMT+ secretion 
MMT-+ polyp 
Polyp 

Complete opacity 


otal 





mr. UE Cator Copii 
secretion V Air had ol opacity Total 
polyp polyp pacity 








M MT'= mucous membrane thickening. 
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Fic. 1. (4) Occipito-mental (OM) view. Slight mucosal 
thickening in the left maxillary sinus. No fluid. (B) 3 
Occipito-mental side, with the head tilted (OMS) f 
view. Left cheek downwards. A fluid level is disclosed. 


in 1947 had increased to 230 by 1963 (U.S. 
Department of Health, 1966). The appar- 
ent consequences of these facts are eco- 
nomical for the individual as well as for 
society. Additionally, the consequences of 
the continuously increasing radiation pollu- 
tion should not be neglected. This has 
lately been emphasized by Margulis,’! who 
concluded that: Radiologists and physicians 
should dispense with routine roentgen exami- 
nations and only perform or order those that 
are medically indicated in the particular 
patients. This statement has particular im- 
portance in investigations which are time 
consuming and expensive or where the fre- 
quency of the disease is so high as to require 
many examinations. The latter is the case 
with sinusitis. 

Sinusitis is a fairly common disease con- 
stituting 1.5 per cent of all outpatient 
visits? in Sweden, and between 4 and 7 per 
cent of visits by otolary iole pa- 
tients.^1*! The only reliable and simple 
means of establishing the diagnosis is by 
roentgenography. The findings of the 





presert investigation clearly indicate that 
the rceatgenologic method can be simpli- 
hed, and 2 of the routinely adopted projec- 
tions, tie axial and lateral, can be elimin- 
ated trom routine procedures in the diag- 
nosis of sinusitis. 

The present investigation demonstrates 
that im clinically suspected sinusitis cases, 
the CM view has a high degree of seat 
dence. [f it is negative, no more views are 
needed. In cases of pathologic changes in 
the maxillary sinuses, an additional OMS 
view with the diseased side down is the 
easiest and best way of finding small 
amounts of fluid and to differentiate be- 
tweer fuid and a polyp or cyst of the sinus 
(Fig. 3, 4 and B). It was also found that 
the OF projection seldom added informa- 
tion to an OM view of the frontal sinuses, 
when tiese were roentgenologically demon- 
strab e Only if the centering of the beam 1s 
inadequate, or if the frontal sinuses are 
large. or if there are suspected roentgeno- 
logic changes on an initial OM view, are the 
OF view and in some cases the OFS view 
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Fic. 2. (4) OM view. Slight mucosal thickening in 
the maxillary sinuses. No fluid. (B) OMS view. 
Right cheek downwards. A large amount of fluid is 
disclosed in the right maxillary sinus. 





needed. There was never any additional necessary mainly when, in cases of com- 
roentgenologic information obtained from plete opacity of the maxillary or frontal 
the lateral and axial projections concerning sinuses, che bony walls have to be studied. 
the diagnosis of sinusitis. The axial vew is Consequently, it appears that the number 


ay 


Frc. 3. (4) OM view. Suspected fluid level n the 
bottom of the right maxillary sinus. (8) OMS 
view. Right side downwards. The suspected 
fluid level appears to be a polyp. No fluid. 
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TABLE IV 


ACUTE SINUSITIS PROJECTIONS (MAXIMUM)*: SUGGESTED NEW METHOD 
NEEDED FOR DIAGNOSTIC FT) RPOSES 


a D 


























Roemtzenologic Projection 
Sie pohnpes OMS | oms OFS OFS | Maximum No. of 
OM Unilat. Bilat. OF Unilat. Bilat. Roentgenograms 
No changes (32%) + I 
Changes in one maxillary sinus (29%) + + 2 
Changes in both maxillary sinuses (27%) + -+- | 3 
Changes in one frontal sinus (<1%) ES + + 3 
Changes in both frontal sinuses (<1%) E | + + 4 
Changes in one maxillary sinus and one | 
frontal sinus (4%) = Es | Es + 4 
Changes in one maxillary sinus and both | 
frontal sinuses (<1%) oe + + + 5 
Changes in both maxillary sinuses and | 
one frontal sinus (5%) + + | + + 5 
Changes in both maxillary sinuses and 
both frontal sinuses (1%) + | + + + 6 





* In those cases where the sinus shows complete opacity in the OM or OF projections, projections with diseased side downward 
(OMS and OFS) need not be done (43 per cent of all maxillary sinus and = per cent of all frontal sinus changes). They may be 
replaced by the axial (A) projection for determination of the thickness of the berry sinus wall. 


of projections for demonstrating sinusitis 
can be diminished by a considerable degree 
(from 5.14 to 2.3 roentgenograms per pa- 
tient) with the new suggested method. A 
proposal on the roentgenologic performance 
in suspected sinusitis is given in Table rv. 
This methodologic simplification. presup- 
poses close communication between the 
referral physician and the radiologist con- 
cerning the patient's symptoms and, fur- 
ther, an immediate evaluation of the initial 
roentgenograms for possible additional 
sinus projections. According to Margulis,” 
routine views for every roentgenologic ex- 
amination should be reduced to a minimum 
and additional views be obtained only as 
indicated on the basis of a few primary 
views. Our investigations show that this 
can be done in roentgenologic diagnosis of 
sinusitis with increased diagnostic con- 
fidence. 


CONCLUSION 


In the roentgenologic examination of 
cases of clinically suspected sinusitis, the 
occipito-mental view should be the basic 
projection, since it discloses the maxillary 
sinuses more confidently than the other 
projections and, additionally, gives reliable 


information on the frontal sinuses. If the 
findinzs are normal, no further projections 
are needed. Any roentgenologic changes in 
the maxillary sinus except complete opac- 
Ity require additional occipito-mental views 
with the head tilted down towards the 
diseased side. 

The cccipito-frontal projection, including 
side projection, demonstrates the frontal 
sinuses and the ethmoidal sinuses and 
should remain a routine projection in sus- 
pected frontal sinus changes and in those 
cases "where the evaluation of the frontal 
sinuses is difficult in the occipito-mental 
projection, 

The lateral projection can be eliminated, 
since mflammatory changes of the sphen- 
oidal smuses apparently are rare. If the 
patient 1s suspected of sphenoidal sinusitis, 
the projection obviously should be adopted. 

The axial projection does not demon- 
strate any further changes than those 
found in the occipito-mental and the oc- 
cipito-mental side projection. Furthermore, 
it is the most uncomfortable for the patient 
and could consequently be dismissed from 
the routine examination and reserved for 
those cases where there are doubts about 
the thickness of the bony wall to the 
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frontal and maxillary sinuses, e.g., in com- 
pletely opaque sinuses in the occipito- 
mental and/or occipito-frontal view. 

The adoption of this routine procedure 
not only diminishes time and x-ray film 
consumption, but has the further ad- 
vantage of increased reliability in demon- 
strating the inflammatory roentgenologic 
simus change by including the occipito- 
mental side view. 


C. Jensen 

Department of Radiology 
Lundby Medical Center 
Goteborg, Sweden 
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ANGIOGRAPHY OF EPENDYMOMAS OF THE 
SPINAL CORD AND FILUM TERMINALE 


By GIOVANNI DI CHIRO, M.D.,* and LOUIS WENER, M.D.+ 


BETHESDA, MARYLANC 


H EENPTMOMAS are the most frequent 

intramedullary tumors of the spinal 
cord and filum terminale. In the unrivaled 
series of cases collected at the Mayo Clinic 
over a period of 45 years of 301 intra- 
medullary tumors, 169 (more than 50 per 
cent) were ependymomas.!! 

Arteriography of the spinal cord has been 
rewarding in some types of intramedullary 
tumors, particularly the hemangioblas- 
tomas which often present with pathogno- 
monic angiographic features.? In the 
glioma group, however, the findings have 
been meager.?^* Fauré et a/.’ reported the 
displacement of the anterior spinal artery 
in a 13 year old girl with a thoracic cord 
astrocytoma. Goldenberg’ identified patho- 
logic vessels in a case of cervical cord astro- 
cytoma Grade rr in a 47 year old male. 
This has been the only reported observa- 
tion of abnormal angiographic vasculariza- 
tion in a cord glioma. 

Two cases of dorsolumbar ependymoma 
have been studied angiographically by 
Djindjian.* In one of these 2 patients the 
enlarged posterolateral spinal arteries were 
"... displaced further from the midline 
than normally giving the appearance of a 
widened cord." In this and in the second 
patient dilated retromedullary veins, prob- 
ably the posterior spinals, were noted in 
the area of the tumor. No pathologic ves- 
sels, however, were observed in these 2 
ependymomas whose finer histologv was 
not mentioned. 


MATERIAL 


The present study deals with the angio- 
graphic findings which we have observed in 
4 cases of ependymoma of the spinal cord, 
filum terminale and cauda equina. The pa- 


tients were all males, ages 32, 23, 13, and 11 
years. Two of our ependymomas involved 
the corus and the cauda, one the lower 
thoracic cord and conus, and the fourth 
extended for the entire length of the cord. 
Each one of the 4 patients came to our 
observation after explorative surgery had 
been czrried out. At operation, an attempt 
at remcval of the tumor had been made in 
3 cases, whereas in the fourth patient the 
cord hzd only been exposed, and the final 
diagnosis had not been made. This last pa- 
tient was in fact referred to us as a possible 
case of arteriovenous malformation of the 
spinal cord. In 2 of the patients radiother- 
apy had also been used prior to our observa- 
tion ard angiographic evaluation. Myxo- 
papillary type ependymoma’? was the final 
histologic diagnosis in 3 cases. In the fourth 
patient, an II year old boy with involve- 
ment of the entire cord, the tumor was de- 
scribed differently by 3 neuropathologists: 
cellular type ependymoma with Grade ri 
malignancy;!? ependymoblastoma, and ma- 
lignant subependymoma. 

Plair spine roentgenograms were within 
normal limits in 1 patient (the oldest), 
whereas widening of the spinal canal and 
scoliosis were found in 3 cases. Total or 
subtota_ subarachnoidal block with expan- 
sion of the cord above or below were shown 
by pancopaque myelography. The positive 
contrast medium, which was introduced bv 
the lumbar and/or cisternal routes, dis- 
tributec itself in a pattern characteristic 
for intramedullary lesions. 


ANGIOGRAPHIC FINDINGS 


The arteriography was carried out by the 
selective technique.* The angiographic eval- 
uation was limited to the thoracolumbar 


* Section on Neuroradiology, National Institute of Neurological Diseases and Stroke, National Institutes of Health, Bethesda, 


Maryland. 


+ Department of Radiology, Cafritz Memorial Hospital, Washington, D.C. 
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(upper arrow). Its tortuosity is not necessarily 
pathologic in a young patient. Displacemen- of its 
inferior part (lower arrow) is due to scolicss, but 
also to tumoral mass effect. Recurrent myxcpapil- 
lary ependymoma. 





Fic. 2. Massive posterior displacement of anterior 
spinal artery (solid arrow) in case of recurrent 
myxopapillary ependymoma of the lower cord. 
Artery of Adamkiewicz (open arrow) is located in 
front of anterior spinal, rather than posterior to 
it as in normal cases. 


area, even in the patient in whom, eventu- 
ally, involvement of the entire cord was 
demonstrated. The abnormal angiographic 
findings were of 6 types: (1) enlarged cord 
arteries; (2) displacement of these arteries; 
(3) pathologic vessels; (4) striking visuali- 
zation of the anastomotic loop(s) of the 
conus as an expression of increased com- 
munication from the anterior to the pos- 
terolateral arteries; (5) large tortuous 
draining veins; and (6) slow circulation. 
The anterior spinal artery was markedly 
enlarged in the 3 cases of myxopapillary 
ependymoma (Fig. 1). This artery was dis- 
placed away from the midline in 2 and 
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š - y CAP Se it 
Fic. 3. (4) No displacement of artery of Adamkiewicz (origina 3ng from XI right intercostal) and anterior 
spinal artery is present. The (B) right and (C) left posterolateral spinal arteries, each filling from separate 
contributors (X right and X left intercostals), are displaced lz-erally (arrows). At surgery cystic fluid col- 
lection at this site was found. Ependymoblastoma. 


markedly posterior (Fig. 2) in 1 of these expans on of the cord (Fig. 3). Pathologic 
patients. In the young boy with ependymo- tumoral vessels were shown in 1 of the 
blastoma, widened posterolateral spinal ar- patients with myxopapillary ependymoma 
teries were displaced laterally indicating (Fig. 4.. Unusually clear visualization of 





Q o 





Fic. 4. Lateral serial arteriograms. Patient markedly kyphoscclsotic. (4) Pathologic tumoral vessels (upper 

arrow). Anterior spinal artery (lower arrow). (B) Pathologic t :moral vessels (upper solid arrow), anterior 
spinal artery (center solid arrow) and artery of filum termirabe (lower solid arrow). Anastomotic loop(s) 
and posterolateral spinal arteries (open arrows). (C) Pathologic tumoral vessels (upper solid arrow), an- 
terior spinal artery (center solid arrow) and artery of filum terminale (lower solid arrow). Posterolateral 


spinal arteries (open arrow). Recurrent myxopapillary epenc y moma. 
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Frs. 5. Serial arteriograns. (4) Artery of Acamkiewicz (solid arrow). Large anterior spinal artery (open 
arrow). [ts sinuosity is not necessarily pathclogic in a young patient. (B) Anastomotic loops and right and 
left posterolateral arteries (open arrows) clearly outline the conus which probably is distorted on its axis. 
Large artery of the filum terminale (solid arrow). (C) Large, tortuous draining vein(s) (arrow). Myxo- 


papillary ependymoma. 


the anastomotic loop(s) around the conus 
(Fig. 4; and 5) and marked slow circulation 
were present in the 3 cases of myxopaptillary 
ependymoma. Large, tortuous drzining 
veins were present in 2 of these 3 cases. 


DISCUSSION 


The above described angiographic find- 
ings in ependymomas of the spinal cord, 
filum terminale and cauda do not appear 
to be pathognomonic. Some features, how- 


ever, such as the marked enlargement of 
the spinal arteries and the striking demon- 
stration of the anastomotic loop(s) are 
quite characteristic. 

It may be of some interest to make a 
comparison with our angiographic findings 
in 4 other patients with gliomas other than 
ependymomas, namely low Grade 1 or n 
astrocytomas. In 1 cervical astrocytoma we 
could not demonstrate the cord vascula- 
ture, whereas in 2 cervicothoracic astrocy- 
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Fic. 6. Normal thoracic anterior spinal artery (ar- 


rows) at the site (laminectomy) of cervico-thoracic 
astrocytoma Grade I. 


tomas, the cord vessels appeared normal 
(Fig. 6). In a case of thoracolumbar astro- 
cytoma the vessels were also normal. 
Considering that the removal of the 
ependymomas, particularly if the operating 
microscope is used, is more often successful 
than in cases of astrocytomas," the surgeon 
may find the above angiographic informa- 
tion of some significance. Arteriography 
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may ako offer additional knowledge about 
the turnor extent and particularly regarding 
the location of the large vessels in relation- 
ship to the neoplastic mass. We have noted 
that the main arteries are frequently dis- 
placed. The angiograms may help in dif- 
ferentiating between infiltrating and encap- 
sulated tumors, as well as in establishing 
whether large cysts are contained in the 
cord. The splaying of the posterolateral 
spinal arteries seen in 1 of our cases corre- 
sponded to an area where a large cystic 
collection was found at surgery. It is too 
early to make statements regarding the 
possibl2 value of the pathologic vessels for 
the specific diagnosis of ependymoma or for 
the differential diagnosis between the vari- 
ous tvoes of ependymomas. Our case of 
myxopapillary ependymoma with patho- 
logic vessels was a recurrent tumor after 
attempted surgical removal and radio- 
therapv. 


SUMMARY 


The angiographic findings in 4 cases of 
spinal cord ependymoma, three of the 
myxopapillary type, are reported. 

Enlargement and displacement of the 
anterior spinal artery, striking visualiza- 
tion of the anastomotic loop(s) around the 
conus, and, in I case, pathologic vessels 
have been observed. 

The findings, although not pathogno- 
monic, are significant, particularly con- 
sidering that they were not evident in 4 
other patients with cord gliomas other than 
ependymomas. 

Giovann Di Chiro, M.D. 
Section cn Neuroradiology 
Building 10, Room 2D-17 


National Institutes of Health 
Bethesde, Maryland 20014 
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TRAUMATIC DEFECTS OF THE PARS INTER- 
ARTICULARIS OF THE LUMBAR 
VERTEBRAE 


By TOM M. FULLENLOVE, M.D.,* and J. GWYNNE WILSON, M.D. 


SAN FRANCISCO, CALIFORNIA 


N the recent literature there have been 

relatively few cases reported of trauma 
causing defects in the pars interarticularis 
(isthmus) of the lumbar vertebrae. 

Roche! was probably the first to report 
a case in 1948. Wiltse in 1957” reported a 
similar case and again in 1962,” when 2 of 
3 fractures in I patient were described. 
Sullivan and Beckell? reported 3 cases in 
1960 with separation of the pars inter- 
articularis due to severe trauma which 
healed with immobilization. Hadley®-8 re- 
ported 1 in 1963 and 2 earlier, Melamed!’ 
I in 1964, and Schneider and Melamed in 
1957. Russell and Nakata!? reported 1 
case in 1968, and Beeler? 1 in 1970. Beller 
and Kirsch? reported spondylolisthesis in 2 
cases at the level above a lumbosacral 
fusion in 1964. Anderson! also reported 
spondyloschisis following spinal fusion in 
1956. This particular sequel to a lumbar 
fusion was reported by Harris and Wiley 
in 1963.° 

There has been a sprinkling of other 
reports^!L197 and undoubtedly there are 
many more unreported cases. 

This report is of 2 cases, both of which 
had intact isthmus demonstrated on one 
side before the injury, followed by an 
isthmian defect bilaterally after injury. 


REPORT OF CASES 


Case 1. A 16 year old boy injured his lower 
back playing soccer 1 year before. Roentgeno- 
graphic examination was reported negative. He 
was treated by whirlpool and local analgesics 
and had no more difficulty until 1 year later 
when he developed low back pain, especially on 
the right side while running. This became pro- 
gressively worse. The findings were: fairly good 
range of back motion; tenderness to right Ls; 
limitation of straight leg raising on the right at 


65°, mo limitation on the left. There was hypes- 
thes 2 of the lateral aspect of the right foot, 
and a suggestion of decreased right ankle jerk. 
He was admitted to the hospital and roentgeno- 
granes were taken of the lower back on March 6, 
1972, which showed no defects of pars inter- 
articu aris on the right, but a suggestion on the 
left Fig. 1, 4-C). On March r5, 1972, bilateral 
isthraian defects were demonstrated, but no 
disp acement of the vertebrae (Fig. 2, 4 and 
B). 4 myelogram at that time was negative. 
Patiert was treated with a brace and he has 
improved but has developed pain on heavy lift- 
ing. On June 5, 1972, roentgenograms showed 
the sthmian defects to be more definite and a 
beginr ing first degree spondylolisthesis had de- 
velo»ed (Fig. 3, 4-C). He continued to improve 
symptomatically and on June 11, 1973 had very 
little, if any, back pain. Physical examination 
was negative. Roentgenograms, however, re- 
vealsc bilateral defects, probably undergoing 
fibrcus union, and the first degree spondylo- 
listhesis was now more definite (Fig. 4, //-C). 


Case u. A 17 year old white male, active in 
sports, felt well until September 1969, at which 
time he twisted his back while playing foot- 
ball. with pain lasting 2 to 3 days. In October 
196c he again twisted his back, with pain for 1 
to 2days. In November 1969 there was another 
footocll injury with immediate severe pain in 
the ower back. He was unable to walk for sev- 
eral days. Roentgenograms showed a hair line 
defect of the left Ls pars interarticularis and 
none on the right (Fig. 5, /7-C). The patient 
was alvised to give up active participation in 
sports, but ignored the advice. Roentgeno- 
grams on January 6, 1970 showed a broad de- 
fect b laterally of the pars interarticularis (Fig. 
6, 4-7). As of May 13, 1970, the patient had 
contirued to be active in sports. Only slight 
spasm was noted at this time and there was no 
clinæzl disability. In January 1971, tomograms 
of the pars interarticularis showed nonunion 
without forward slippage. In June 1973 the pa- 
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Fic. 1. Case 1. (4-C) March 6, 1972. First roentgenograms dow no o isthmian 
defect on the right and a suggestion of one on the left. 


tient continued to be active in sports and had DISCUSSION 


occasional recurrent back pain. Roentgeno- 
grams on June 29, 1973, showed continued non- In the early literature few authors enter- 


union and a suggestion of slight forward slip- tained the idea that defects in the pars in- 
ping of Ls (Fig. 7, 4-C). terarticularis were due to trauma. They 





Fic. 2. Case 1. (4 and B) March r5, 1972. Bilateral isthmian defects are demonstrated. 
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mal forward slipping of Ls on St not pres2nt on March 6, 1972. 


usually considered it a congenital defect, 
but this theory has been discarded because 
of lack of demonstration of the lesion in the 
fetus and newborn and its presence in the 
adolescent and adult in a fairly constant 
proportion of individuals, 5-6 per cent.?! 
Excluding violent injury in which the 
cause of a luxation or fracture luxation of 
the vertebra is obvious, Brocher’s theory,’ 
in regarding them as dysplasias of the ver- 


tebra_ arch analogous to dysplasias of hip, 
Is peranent. In this situation, which does 
not become evident until after birth, the 
defect in the pars interarticularis represents 
a frec i ent but not necessary occurrence. 
Certa:rly, changes similar to a March frac- 
ture and the changes occurring in bone 
from certain repeated stresses such as 
described by Looser, Milkman, and 
Brandt’ must be considered as a possible 





Fic. 4. Case 1. (/4- C) June 11, 1973. The isthmian defects show no healing. 
The edges are smooth, and there is now first degree spondylolisthesis. 
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Fic. 5. Case 11. (4-C) November 24, 1969. After several instances of trauma, 
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an isthmian defect is suspected on the left, none on the right. 


cause. The alteration in the mechanism of 
motion following lumbar spine fusion has 
on occasion been followed by spondylolis- 
thesis at the level above with defects in the 
Isthmus.':?:? 

The isolated cases of fractures of the 
pars interarticularis with or without slip- 
ping in the literature follow, in most 1n- 
stances, the same pattern as the 2 cases 
reported here: adolescent athletic males 
active in sports and with repeated in- 
stances of minor injuries to the back during 
their growing period. Only the happen- 
stance of having had roentgenographic 
examination of the lumbar spine before the 





Fic. 6. Case 11. (4-C) January 6, 1970. The defects are 


fractures occurred proves the cause and 
effect in this particular group of cases. 


CONCLUSIONS 


1. Spondylolisthesis has been shown not 
to be a congenital defect. 
2. Evidence points to the causes as being: 


a. possible dysplasia of the vertebral 
arch analogous to dysplasia of the hip 

b. Changes similar to a March fracture 
with repeated injuries 

c. Altered mechanism following spinal 
fusion 

d. Severe trauma 


now broad and 
definite bilaterally. There is no forward displacement. 
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Fic. 7. Case 11. (4-C) June 29, 1973. The defects are still plaiaty visible. In comparing the spot, lateral roent- 
genogram of Ls with the original one on November 24, 196@ a slight forward displacement can be detected. 
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fall under category 2 b. Roentgenology. Grune & Stratton, Inc., New 
1 York, 1956, pp. 362-367. 

Ton MC Bulledovec MD 1I. Lampert, R. G., and Birrixcs, E. L. Traumatic 
"T spondylolisthesis. Paper read at the Annual 
Meeting of the Western Orthopedic Associa- 

tion, Coronado, California, 1960. 
12. Looser, E. Uber Spatrachitis und Osteomalacie. 


450 Sutter Street 
San Francisco, California 94108 


ee eat Leutsche Ztschr. Chir., 1930, 152, 210-357. 

I. ANDERSON, C. E. Spondyloschisis following spine 13. M £;AMED, A. Fractures of pars interarticularis 
fusion. 7. Bone & Joint Surg., 1956, 38-A, of lumbar vertebra. Am. J. ROENTGENOL., 
1142-1145. Rap. THERAPY & NucLEAR MED., 1965, 94, 

2. BEELER, J. W. Further evidence on acquired 584-586. 
nature of spondylolysis and spondylolisthesis. 14. Mitxman, L. A. Multiple spontaneous idio- 
Am. J. RoreNTGENOL., Rap. THERAPY & pathic symmetrical fractures. AM. J. ROENT- 
NucLEAR MED., 1970, 706, 796-798. GENOL. & Rab. THERAPY, 1934, 32, 622-634. 

3. Better, H. E., and Kirscu, D. Spondylolis- 15. Newman, P. H., and Srong, K. H. Etiology of 
thesis and spondylolysis following back spondylolisthesis. Y. Bone & Joint Surg., 1963, 
fusions. South M. F., 1964, 57, 783-786. #5-B, 39-59. 

4. Branpt, G. Creeping fractures: transformation 16. Roce, M. B. Bilateral fracture of pars inter- 
zones, overload injuries. Ergebn. d. Chir. u. articularis of lumbar neural arch. 7. Bone & 
Orthoped., 1941, 33, 1-59. eint Surg., 1948, 30-4, 1005-1008. 

5. GiuNTOLI, L., and Guanzscur, B. Spondylolis- 17. Rowe, G. G., and Rocne, M. B. Etiology of 
thesis: medico-legal problems of spondylolis- separate neural arch. 7. Bone & Joint Surg., 
thesis in its roentgenological aspects. Radiol. 1659, £1-A, 303-320. 
med., 1962, 48, 833-860. 18. RcssgELL, W. J., and Nakata, H. Spondylolysis 

6. Haptey, L. A. Bony masses projecting into folowing trauma: case report. Radiology, 
spinal canal opposite break in neural arch of 1968, 97, 973-974. 
fifth lumbar vertebra. Y. Bone & Joint Surg., 19. Scamemper, C. C., and MELAMED, A. Spondy- 
1955, 37-4, 787—797. clysis and spondylolisthesis: case report 

7. Havtey, L. A. Fatigue fracture of fifth lumbar clarifying etiology of spondylolysis. Radiology, 
neural arch. In: Clinical Orthopedics. Edited 1957, 69, 863-866. 
by A. F. De Palma, Editor-in-Chief. J. B. 20. Suuiivas, C. R., and Beckett, W. H. Problem 
Lippincott Company, Philadelphia, 1953. of traumatic spondylolysis: report of three 

8. HapLEv, L. A. Stress fracture with spondylosis. cases. dm. J. Surg., 1960, 100, 698—708. 

Am. J. RoreNrGENOL, Rap. THERAPY & 21. TiLiarp, W. Etiology of spondylolysis. Schweiz. 
NUCLEAR MED., 1963, 90, 1258-1262. med. Wehnschr., 1963, 93, 301-304. 

9. Harris, R. I., and Witey, J. J. Acquired 22. Wiitse, L. L. Etiology of spondylolisthesis. 

spondylolysis as sequel to spine fusion. 7. Clin. Orthoped., 1957, 10, 48-58. 


Bone & Joint Surg., 1963, 45-4, 1159-1170. 23. Wittse, L. L. Etiology of spondylolisthesis. 7. 
10. KOHLER, A., and Zimmer, E. A. Borderlands of Bone & Joint Surg., 1962, 44-4, 539-560. 


Va. 122, No. 3 


THE APLASTIC HYPOPLASTIC LUMBAR PEDICLE* 


By MARTIN E. MORIN, 


M.D.,t and ENRIQUE PALACIOS, M.D.i 


MAYWOOD, ILLINOIS 


NILATERAL aplastic and hypoplas- 
tic lumbar pedicles are a rare finding 
thought to represent varying degrees of the 
same anomaly. Only 2 previous cases of 
hypoplastic lumbar pedicle have been re- 
corded.” This anomaly does not seem to be 
uncommon in the cervical region.!:3—!° 
Roentgenographic recognition of this 
anomaly is made from plain film roent- 
genography and tomography, and distinc- 
tion from lytic processes of the affected 
pedicle or osteoblastic lesions of the hyper- 
trophied contralateral pedicle should be 
made. 
The purpose of this communication 1s to 
present 2 cases with this rare anomaly. 


REPORT OF CASES 


Case 1. A 12 year old Caucasian male with a 
complaint of abdominal pain was referred to 


this hospital for a plain roentgenogram of the 
abdomen. Physical examination was entirely 
normal. Plain film roentgenography demon- 
strated a fzintly visualized left pedicle of the 
first lumbar vertebra and a slight but definite 
increase in thickness of the cortical rim of the 
right pedicle of the same vertebra. This was 
confirmed by coned views in the anteroposterior 
projection and tomograms (Fig. 1, 4 and B) 
and oblique projections (Fig. 2, 4 and B). The 
lateral tomegrams revealed a localized enlarge- 
ment of theintervertebral foramen produced by 
narrowing cf the affected pedicle (Fig. 3). De- 
spite the lack of symptoms, a myelography was 
performed, which revealed no significant abnor- 
malities. 


Case 11. A 26 year old Caucasian male was 
admitted because of chronic vague back pain, 
with no neurologic deficit. Physical examina- 
tion was essentially normal except for minimal 
muscular spasm in the lumbar region. Plain 





Frc. 1. Case 1. Anteroposterior projections. (4) Plain film roentgenogram and (B) tomogram demonstrate 


faint visualization of the left pedicle of the first lumbar vertebra and increased density of the opposite 
pedicle. 
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Fic, 2. Case 1. (4 and B) Oblique projections show again the poor visualization of the left pedicle. 


aset os ied 


: 
Fic. 3. Case 1. Lateral tomogram reveals a localized 
enlargement of the intervertebral foramen due to 
marked narrowing of the left hypoplastic pedicle. 
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film rcentgenography of the lumbar spine re- 
vealed marked sclerosis of the left pedicle of 
the second lumbar vertebra simulating an osteo- 
blastic process and absence of the right pedicle 


(Fig. 4; and 5, 4 and B). 


DISCUSSION 


Pkin roentgenography and tomography 
permi-ted the diagnosis of unilateral hypo- 
plastic lumbar pedicle in 2 patients. In 
Case 1, only a faint cortical rim of the hypo- 
plastic pedicle was demonstrated. Hyper- 
trop iy of the cortex of the opposite pedicle 
was 2 subtle, but definite finding. Constric- 
tion o` the affected pedicle could be appre- 
ciated on tomography, producing marked 
enlargement of the neural foramen which 
led us to perform a myelography to rule 
out ar intraspinal process. In Case 11, there 
was actually an aplasia of the affected 
pedicl2, and, of course, neither a cortical 
rim nor a constricted pedicle was demon- 
strated since none was present. The con- 
tigucvs normal vertebral elements ap- 
peared abruptly terminated. The contra- 
latera. pedicle and lamina were markedly 
hvper-rophied. 

Undateral 


hypoplastic or unilateral 


Vo... 133, Ne. 3 
aplastic lumbar pedicles are thought to rep- 
resent varying degrees of the same arom- 
aly, z.e., an aborted attempt at formation 
of a vertical cleft in the vertebral arch. In 
the 2 previously reported cases and the 2 
cases presented here, the anomalous pedicle 
was at L4 in 2 cases, and at L, in 2 cases. 
Three of the patients were male and 1 fe- 
male. In 2 of the patients, the anomaly 
was detected in the third decade (22 ard 26 
years of age), while the other 2 patents 
were 1n the prepubertal age group (12 and 
6 years of age). It is of interest to note that 
those in the first category developed 
marked contralateral compensatory h-per- 
trophy which simulated osteoblastic pro- 
cess, whereas in the younger age group, 
they presented with quite subtle, almost 
equivocal compensatory changes. 

There was absence of neurologic signs 
and symptoms. In our Case 11, the s-mp- 
tom of back pain could be attributable to 
the anomaly. 


SUMMARY 


Jne case of unilateral hypoplastic and 
I case of aplastic lumbar pedicles are pre- 
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Aplastic and H7 poplastic Lumbar Pedicle 





Fic. 5. Case 11. (4 and B) Oblique projections show agzin the marked hypertrophy of 


Fic. 4. Case 11. Anteroposterior projection reveals a 
marked increased density of the left pedicle of the 
second lumbar vertebra due to hypertrophy and 
aplastic r ght pedicle. 





the left pedicle and aplasia of the right. 
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sented. This anomaly should be recognized 
as it could be taken for a destructive lesion 
and the hypertrophy of the contralateral 
pedicle could be confused with an osteo- 
blastic process. 
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ANGIOGRAPHIC FEATURES OF ARTERIAL LESIONS 
IN NEUROFIBROMATOSIS 
By YAKOB ITZCHAK,* DANIEL KATZNELSON,+ HAYIM BOICHIS,+ 
ANITA JONAS,- and VICTOR DEUTSCH* 


TEL-HASHOMER, ISRAEL 


ASCULAR lesions due to neurofibro- 
matosis have been reported in 29 pa- 

tients.!—15-17.18,20-23 Tn all of them renal 
artery stenosis was present. In only a few 
were the celiac, mesenteric or iliac arteries 
involved or a coarctation of the abdominal 
aorta described. Angiographic invest ga- 
tions were performed in 28 of the 29 cases, 
but no specific angiographic patterns have 
been described. 

Recently, we studied angiographically 
3 young patients with vascular neuro- 
fibromatosis. The renal arteries were the 
only site of involvement in 2 of them, but 
in the third, multiple vascular lesions oc- 
curred, including renal, superior mesen- 
teric, external iliac and thoracic outlet 
arteries, pulmonary arteries and the tho- 
racic aorta. To the best of our knowleige 
no amilar case has been reported before. 

We were also impressed by the angio- 
graphic patterns observed in all cases. A 
certain similarity in the angiographic pat- 
tern was present which seems to be difer- 
ent from the known angiographic features 
in other diseases and we believe that they 
may be considered as highly suggestive for 
neurofibromatosis. 


REPORT OF CASES 


Case 1.* An 11 year old boy was admitted to 
the hospital for investigation of hypertension. 
The physical examination revealed subcutane- 
ous nodules palpable in the middle part of the 
right thigh and left ankle and café au lait spots 
all over the body. Blood pressure was 180/110 
mm. Hg. Laboratory test results were within 
norm al limits. 

Renal angiography revealed a smooth severe 
concentric narrowing of the proximal segment 


* Tkis case was reported previously in detail by Wallis ef 27.” 


of the left renal artery continuing into a gradu- 

ally increasing funnel-shaped dilatation (Fig. 1). 
Corrective surgery was performed and the 

blood pressure returned to normal limits. 


Case r1. A 16 year old boy had been suffering 
from hypertension for 9 years; he was admitted 
to the hospizal for the investigation of hyperten- 
sion. The physical examination revealed mul- 
tiple café au lait spots of varying size and a 
blood pressure of 170/100 mm. Hg. Intravenous 
urography was normal. Renal angiography re- 
vealed bilateral renal artery stenosis. The 
stenotic segment of the proximal main left 
renal artery showed an elongated funnel-shaped 
appearance with smooth contours continuing 
into a gradually increasing dilatation. Collateral 
circulation via a branch of superior capsular 
artery was also present (Fig. 2). The right renal 
artery revealed generally a similar type of 
stenosis with funnel-shaped dilatation but of 
less severity. Moreover, 2 saccular aneurysms 
with narrow pedicles bulged from the dilated 
segment of the main right renal artery. The 





Fic. 1. Case 1. Renal angiography reveals severe 
concentric narrowing (arrow) of the proximal seg- 
ment of the left renal artery, continuing into a 
gradually ir creasing funnel-shaped dilatation. 
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Fic. 2. Case 11. Renal angiography reveals bilateral 

' renal artery stenosis (small arrows) and funnel- 
shaped post-stenotic dilatation. Two saccular 
aneurysms bulging from the main right renal 
artery are also seen (open arrows). 


patient was discharged on symptomatic anti- 
hypertensive therapy. 

On follow-up his complaints consisted of oc- 
casional bouts of headache and his blood pres- 
sure ranged between 130-15;0/90-100 mm. Hg. 


Case nr. A female child of 1 year was ad- 


mitted with marked hypertension and restless- 
ness, 2 days after falling from her carriage. On 
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physx-l examination multiple congenital mal- 
formations were noted: amputation of all toes 
of le't foot, the upper end of the left lower 
extrem. ty was thicker as compared to the right, 
a large hemangioma on the left shoulder extend- 
ing to -he back and multlple café au lait spots 
over aer trunk, abdomen and left arm were ob- 
served. The femoral pulses were weak, left 
more tian the right, the blood pressure on her 
uppe- extremity was 230/160 mm. Hg and on 
the rigat lower extremity 160/90 mm. Hg; on 
the lef- lower extremity it could not be mea- 
surec. A systolic murmur was heard on the left 
parasternal region. The angiographic examina- 
tion ~evealed tubular coarctation of the upper 
thorecx aorta and multiple stenosed vascular 
lesions of different severities of the following 
arteres: left pulmonary artery, innominate 
artery, left common carotid artery, left sub- 
clavian artery, left external iliac artery, celiac 
artery, superior mesenteric artery, and both 
renal arteries (Fig. 5, £ and B; 4; 5; and 6). The 
angicg-aphic appearance of the involved ar- 
teries had in common a more or less elongated 
stenctic segment, gradually increasing in size 
into a funnel-shaped channel. The latter fea- 
tures were markedly prominent in the renal and 
left external iliac arteries. 

Surgery was considered but the child suc- 
cumbei and no postmortem examination was 


available. 











Fic. 3. Case 111. (4 and B) Pulmonary angiography. Early paase (4): marked hypoplasia of the left pul- 
monary artery. Levo phase (B): tubular coarctation of the upper thoracic aorta (open arrow), stenosis of 
the innominate artery with funnel-shaped post-stenotic cilatation and stenoses at the origin of the left 
common carotid and left subclavian arteries are seen (sma | arrows). 
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DISCUSSION 


The incidence of blood vessel inwolve- 
ment in neurofibromatosis remains un- 
known at the present time. However, as 
additional cases are reported it is becoming 
increasingly evident that the association 
between renal artery stenosis, renovascular 
hypertension in young patients and reuro- 
fibromatosis is more than coincidental. 
Reubi!® claims that vascular neurofibroma- 
tosis Is always a part of the disease and that 
if one looks for vascular changes svstem- 
atically they will be found in all cases. 

In the cases reported in the literature the 
angiograms revealed involvement o: dif- 
ferent arteries:-191718.20—3 renal artery 
stenosis was present in all cases, unilateral 
or bilateral; renal artery aneurysm was 
observed in 4 and coarctation of the ab- 
dominal aorta in 6 cases. In the latter cases 
(with coarctation of the abdominal aorta) 
stenoses of the celiac axis and the orizin of 
the superior mesenteric artery were also 
present. Iliac artery stenosis was encoun- 
tered in only 1 case. The age of the patients 
at the time of diagnosis ranged from 11 to 
28 years; 18 were less than 12 years old. 

In the first review of ten patiemts by 
Halpern and Currarino,? 4 were less than 
12 years old and none of them had cosrcta- 
tion of the abdominal aorta, while im 5 of 
the older patients (12, 19, 21, 25, 26 years 
eld) coarctation of the abdominal aorta was 
present. The pathologic findings in the 





Fic. 4. Case 111. Stenosis at the origin of superior 
mesenteric and celiac artery (arrows). 


Angiography of Arterial Lesions in Neurofibromatosis 








Fic. 5. Case 111. Stenosis and elongated funnel-shaped 
post-stenotic dilatation of the main right renal 
artery (arrows). 


latter cases were neurofibromas, abundant 
fibrous adventitial tissue or highly dif- 
ferentiated ganglioneuromatous tissue ad- 
herent to the aortic wall. In the additional 
I9 Cases reported later Stee as TRAN M 
I4 were below the age of 12 years and in 
only 1 of the older patients was coarctation 
of the abdominal aorta described. It 
seems that coarctation of the abdominal 
aorta is diagnosed mainly in those patients 
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Fic. 6. Case 111. Stenosis and elongated funnel-shaped 
post-stenotic dilatation of the left external iliac 
artery (arrow). 
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in whom the angiographic examination is 
performed in an advanced stage of the 
disease. 

The angiographic feature of the aortic 
branches involved in the present 3 cases, 
revealed a certain similarity by showing an 
elongated, smoothly bordered stenotic seg- 
ment gradually increasing its size into a 
funnel-shaped channel. A similar angio- 
graphic pattern can be identified on the an- 
giograms in I4 out of 18 patients reported 
below the age of 12 years.!/*510,12,13,17,18,22 
This distinctive angiographic pattern is 
different from the various types of fibro- 
muscular dvsplasia widely documented in 
the literature.!5!5 An eventful explanation 
of this specific angiographic pattern can be 
seen in the pathologic findings observed in 
vascular neurofibromatosis. Thickening, 
disorganization and/or atrophy of the 
media and nodular fibrosis of the adventitia 
were described in small arteries!® and the 
renal arteries in 28 of the reported cases. 
The affected renal arteries were involved 
diffusely, in some of them even the intra- 
renal branches.?:?:3 The poststenotic fun- 
nel-shaped appearance present in the ma- 
jority of patients in the younger age group 
can be related to the diffuse involvement 
of the arterial wall which prevents the 
formation of the usual poststenotic dilata- 
tion. However, if localized fragmentation 
and atrophy of the media are present, sac- 
cular aneurysms with a narrow pedicle 
may occur as reported before? and also 
observed in I of our patients (Case 11). 
Further pathologic observations with an- 
graphic correlation are necessary in order 
to prove this concept. 

Involvement of the pulmonary artery, 
the thoracic outlet arteries and coarctation 
of the thoracic aorta has not been reported 
before in neurofibromatosis. These wide- 
spread arterial lesions support the view of 
Reubi,? that vascular involvement is a 
part of neurofibromatosis. It can be as- 
sumed that by increasing the use of angio- 
graphy more cases with such widespread 
involvement will be detected. 
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SUMMARY 


Three cases of vascular neurofibromato- 
sis were studied angiographically. 

Renal artery involvement was present in 
all. In = patient multiple vascular lesions 
including thoracic outlet arteries, thoracic 
aorta, pulmonary artery, celiac, superior 
mesenteric and iliac arteries were also 
presert. Angiography revealed in the in- 
volvec arteries a smoothly bordered ste- 
notic segment continuing into an elongated 


funnel shaped channel. 


The presence of similar features in an- 
other 12 cases reported in the literature 
implies that the described pattern may be 
considered as suggestive of vascular neuro- 
fibrom atosis. 


Victor Deutsch, M.D. 
Department of Radiology 
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INTEGRATED ISOCENTRIC DIAGNOSTIC 
SYSTEM FOR NEURORADIOLOGY* 


By FREDERICK S. VINES, M.D.f 


RICHMOND, VIRGIN: ^ 


HE constant improvements in diag- 

nostic radiologic techniques provides 
the impetus for development of new equip- 
ment to implement these techniques. The 
performance of many neuroradiologic pro- 
cedures has been significantly enhanced by 
the recent development of an integrated 
Isocentric system (Omnitome*). This sys- 
tem has been designed primarily for en- 
cephalography, but also provides signifi- 
cant advantages during the performance 
of angiography and air myelography. The 
prototype was installed at the Medical 
College of Virginia in November of 1972 
for clinical trials. 

The present communication will de- 
lineate the author's experience with this 
unit along with an outline of the advan- 
tages and techniques employed. 


THE OMNITOME SYSTEM 


The principal feature of the Omnitome 
(Fig. 1, 4-C) is the fully isocentric system 
maintaining the head in alignment for 
filming or fluoroscopy regardless of the 
patient's position. The chair is designed to 
provide 480? of continuous rotation with 
decubitus use available if indicated. Room 
height is minimized by automatic move- 
ment of the unit up or down on a fixed wall 
pedestal according to the position of the 
unit. There is lateral, longitudinal and 
vertical adjustment of the chair relative to 
the isocenter as well as rotation about the 
long axis of the patient. This allows for 
precise adjustment of the patient to the 
Isocenter at the beginning of the procedure 
and maintains versatility of adjustment 
for any patient motion during the pro- 


* General Electric, Medical Systems Division, Milwaukee, 
Wisconsin. 


cedure. Patient fixation is achieved by 
thigh pads, crossed shoulder straps, and 
calf straps. Head adjustment and fixation 
is obta: ned by a chin rest with straps across 
the vertex of the head. There is a C-arm 
(Fig. -) which provides for continuous 
300° rotation about the isocenter in a 
plane vertical to the wall pedestal with 
tomographic capabilities at any position. 
Grossman linear tomography may be ob- 
tained with a choice of 8°, 15°, 30° and 45° 
arcs. A unique feature of the Omnitome 
system 1s the ability to perform tomog- 
raphy at a varying angle of incidence. The 
L-arm (Fig. 1) will also rotate 270° about 
an cxis parallel to the wall pedestal 
with consequent alteration in the site of 
rotaton of the C-arm. Thus the C-arm 
alwavs rotates on an axis perpendicular 
to the wall axis. This provides the ability 
for tomography with horizontal, vertical, 
or intermediate sweeps and allows blurring 
of the object at 9o? to its densest part, thus 
reducing undesired shadows. These move- 
ments of the C-arm and L-arm remain in- 
depencent of the movements of the chair 
arm. The chair arm rotates on the same 
plane as the L-arm but outside of the L- 
arm arc. This preserves chair adjustment 
and al ows the chair to be parked in a re- 
mote position when not in use. An image 
intensifier and television system is incorp- 
orated into the C-arm with a choice of field 
size cf 4.5, 6 or g inches. The tube has a 0.3 
and 1.0 mm. focal spot. A variable source- 
image distance of 97 to 127 cm. is available 
by motorized movement of the 1mage in- 
tensi er. 

The Omnitome system is also equipped 
with a phototimed 105 mm. photospot 
camera. This provides for either single 


* From the Section of Neuroradiology, Medical College of Virginia, Virgiri: Commonwealth University, Richmond, Virginia. 
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frame or multiple frames up to 12 per sec- 
ond with fluoroscopic control. Tomography 
is also available with the use of the photo- 
spot camera. The field size available is 
narrowed minimally due to the curvature 
of the input phosphor of the image intensi- 
fier svstem. This, however, still provides 
for up to 6—7 inches of clear field size. 
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Fic. 1. Omnitome 
tion. Numbered arrows: I. 
arms 3. C-arm, 

(A) Lateral view. (B) Posteroanterior view. 
(C) Posteroanterior view with L-arm rotated 
to vary viewing and tomographic plane. 


patient erect, filling posi- 
L-arm; 2. Chair 


The remote control panel provides for 
the radiographic techniques and television 
monitor as well as for all the motions of the 
chair and Omnitome system. Photospots 
may be eb-ained from the remote control 
panel with a television screen monitor. 
There is also a hand controlled portable 
system wita the same patient positioning 





controls as on the control panel and a tele- 
vision monitor adjacent to the patient. 
This enables one to exactly position for 
filming or during the installation of air with 
closer monitoring of the patient. 

An accessory table is used for angiog- 
raphy and myelography and will be de- 
scribed later. The encephalographic chair 
is motor driven to a parked position during 
these procedures. 


PNEUMOENCEPHALOGRA PHY 


The patient is initially positioned in the 
chair (Fig. 14) with the head slightly flexed 
as for a standard pneumoencephalography. 
The isocenter is established with vertical 
and horizontal light beams and fluoroscopy. 
Air is injected under fluoroscopic control 
to obtain ventricular and cisternal filling. 


Frederick S. Vines 


NOVEMBER, 1974 


Fic. 1. (D and E) Lateral and coronal tomograms 
of a patient with bilateral cerebellopontine 
angle meningiomas. (F) Coronal tomogram of 
an excphytic, eccentric pontine glioma. 


The basal cisterns may be filled by rotation 
of the chair obviating the need to remove 
the head from the head holder. Following 
the imstillation of air, zonograms of an 8 
or I5 degree angle can be obtained with 
standard films or on the photospot camera 
(Fig. 3). After adequate air instillation, one 
can ebtain standard frontal and lateral 
tomograms with a 30 or 45 degree arc. The 
coronal tomograms may be obtained in the 
angle of incidence desired by rotation of 
the L-arm (Fig. 1, B and C). There is a 
range of about 40? available for the stand- 
ard tomogram which usually enables the 
tomograms to be obtained in a coronal 
plane approximating the vertical alignment 
of the brain stem. Further air is then in- 
instiled under fluoroscopic control as 
deemed necessary to complete the pro- 
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Frc. 2. Omnitome— patient supine and decubitus. 
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(A) Lateral view. (B) Lateral view with L-arm rotated to alter plane of tomographic sweep. (C) Postero- 


arterior view. (D) Decubitus position. 


cedure and the patient can be brought to 
the supine position. The L-arm may agzin 
be rotated, so that linear tomography may 
be obtained at different angles of incident 
relative to the anterior third ventricle. This 
may be done in the lateral of the frortal 
projection to enable one to tomograph 
exactly in the plane desired with vertical 
or horizontal blurring of the suprasellar 
cisterns (Fig. 2). Balancing of the lateral 
ventricles may then be performed under 
fluoroscopic control. 

After completion of filming of the anter- 
ior horns, the patient can be rotated to the 
erect and prone position for further filming 
as desired with the photospot camera or 
with standard filming. The conventional 
pneumoencephalography usually incluc es 
standard films in the erect and supine posi- 


tions with the remainder of the film series 
obtained on the 105 mm. photospot camera 
(Fig. 3). This enables one to obtain mul- 
tiple different projections and angulations 
throughout the desired series as well as 
intermediate positions. The time required 
is markedly reduced and positioning can be 
performed under fluoroscopic control. Fol- 
lowing the prone study of the occipital 
horns, the patient can be continued through 
a complete forward somersault to the 
supine position, enabling complete filling of 
the temporal horns. Decubitus positioning 
of the patient is also available for study of 
the temporal horns individually if neces- 
sary (Fig. 2D). One can also obtain tomog- 
raphy of the temporal horns perpendicular 
to their long axis by rotation of the L-arm, 
obviating movement of the patient’s head. 
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Fic. 3. Encephalography—105 mm. films. 


(4) Lateral zonogram of 4th ventricle. (B) Frontal vew with patient erect. (C) Lateral view with pa- 
tient supine. (D) Frontal view of temporal horns. 


AIR MYELOGRAPHY 


For air myelography, an accessory table 
is utilized. The table (Fig. 4) provides for 
20° of Trendelenburg positioning along with 
14° of elevation of the head. The patient is 
supine in the Trendelenburg position with 
shoulder straps attached to the foot cf the 
table. A lateral cervical puncture a- the 
C-1, C-2 interspace is performed under 
Hvoroscopic control and increments of 
exygen exchanged for cerebral spinal fluid 
(Fig. 45). Following complete filling cf the 
subarachnoid space, as visualized under 
fluoroscopy, one can obtain lateral and 
frontal tomograms (Fig. 4, B-D). Lateral 
laver selection is controlled by a micro- 
metric vernier with a travel of 20 cm. The 
angle sweep of the tomographic arm is usu- 
ally one parallel to the cervical spine. This 
has been found advantageous in main- 
taming the ghosting of the vertebral bedies 
ventral to the air and spinal cord con-our. 
However, one is also able to rotate the sys- 
tem so that a vertical sweep of the tomo- 
graphic arm is available relative to the 
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lic. 4. Air myelography. 
(4) Patient in 20° Trendelenburg position. 


spinal axis if desired. 

The table can then be raised to the hori- 
zontal position or the head-up position as 
desired to alter the cord size, as in cases 
of syringomyelia. Patient positioning is, 
therefore, simplified and their discomfort is 
reduced 13 the more comfortable supine 
position. The lateral puncture is easily per- 


lic. 4. (B) Standard lateral view with needle in posi- 





tion. (C) Lateral tomogram of a normal myelog- 
raphy. (D) Lateral tomogram of cervical spondylosis, 
postoperative with cord atrophy (double arrows). 
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Fic. 5. Angiography. 
(4) Patient on accessory table with film changers 
mounted adjacent to wall pedestal. 


formed utilizing C-arm fluoroscopy. 

Obviously, a second choice available 
with the system is the utilization of the 
pneumoencephalographic chair for air my- 
elography. This is limited to the upper 
cervical region due to the patient support 
devices. This technique will, however, en- 
able one to proceed with standard encepha- 
lography following evaluation of the cervi- 
cal spine. 


ANGIOGRAPHY 

The accessory table is also utilized for 
angiographic procedures with the C.arm 
providing fluoroscopic versatility (Fig. 54). 
The table provides for a motorized vertical 
height adjustment of 5o cm. for magnifica- 
tion studies. Linear movement of 125 cm. 
from the isocenter is available with both 
manual and a motor driven table top to 
provide fluoroscopy in the femoral region 
for catheter insertion. A foot switch is also 
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avallab.e to convert the table top into a 
free floating top when necessary. Once the 
needle or catheter has been inserted into 
the des: red vessel, filming may be obtained 
on the 105 mm. camera or with standard 
film changers (Fig. 5, B-D). The isocentric 
system facilitates filming with the 10; mm. 
camera, greatly reducing the time neces- 
sary tor obtaining multiple views. Fluoro- 
scopy may be used for positioning and 
centeriag, and the C-arm may be rotated 
for the desired projection. The frontal pro- 
jection is usually obtained in a postero- 
anterior direction, allowing for the most 
mobility for angulation of the image in- 
tensifer and thus reducing the object film 
distance. Oblique views of the carotid bi- 
furcation or intracranial vessels are easily 
obtamed by the multiple possible com- 
pound angulations of the C-arm and L-arm. 

One may also use standard serial film 
changers which are mounted above or 
caudal to the C-arm position. Changers 
mounted caudal to the C-arm would be 
most useful for abdominal filming. When 
the changers are mounted above the C-arm 
(Fig. 54), a second tube may be positioned 
in the desired angle and minimize the hori- 
zontal movement of the patient necessary 
to obtain a film series. The single overhead 
hangirg tube may then be used for the 
frontal and lateral projections, or if desired 
a second tube may be mounted on a floor 
pedestal for biplane filming. The limitation 
of spaze above the patient's head makes a 
smaller film changer more desirable in this 
location. The 24 cm. by 30 cm. changers 
provice the maximal versatility of patient 
movement and ease of operation in this 
position, although 36 cm. by 36 cm. film 
changers are possible if these are considered 
desirable. 

An additional feature is the feasibility 
of angiotomography with this system (Fig. 
5D). The C-arm maintains its potential 
of tomography wherever positioned and 
therefore frontal or lateral tomograms are 
instantly available when desired. The use 
of a multilayered cassette would seem to 
be the present choice for this examination. 
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Fic. 5. (B) Petrous apex meningioma with abnormal meningeal vessels from the cavernous carotid (105 mm. 
film—subtraction). (C) Oblique carotid bifurcation with ulcerated plaque (105 mm. film—subtraction). 
(D) Lateral angiotomogram of a vertebral artery injection (30° arc) in a plane through the choroidal point 


just lateral to midline. 


However, the most desirable technique 
has not been determined at present and 
wil! be the subject of a further report. 


DISCUSSION 


The outstanding feature of the Omni- 
tame system for neuroradiologic diagnostic 
procedures is the ease and rapidity with 
which precise studies can be pertormed. 
The skull is easily maintained on the iso- 
center and filming may be obtained re- 


gardless of the patient positioning. The 
dual arm system, independent of the en- 
cephalographic chair, allows for multiple 
complex angulations for filming. Likewise, 
tomography is always available regardless 
of the pos:tion of the patient and may be 
obtained in a desired angle of incidence 
relative to anatomic structure. This 1s par- 
ticularly useful for areas such as the pos- 
terior fossa, corpus callosum or temporal 
horns where the tomograms may be ob- 
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tained perpendicular to the locus of pre- 
sumed pathology without altering the head 
and consequent position of the contrast 
agent. The anterior third ventricle may 
also be tomographed in different angles 
relative to the suprasellar cisterns. 

Angiography procedures are also avail- 
able with this system. The motorized 
movements of the chair arm allow it to be 
easily removed from the working area. 
Once this is accomplished, the unit becomes 
similar to any angiographic facility except 
for the preserved mobility of the fluoro- 
scopic system. The table top movement 
may be converted into a free floating table 
by a foot switch and linear movement is 
adequate for femoral catheterization stud- 
ies. Biplane instillation may be obtained if 
considered desirable. 

A major additional benefit for both en- 
cephalography and angiography is the use 
of the 105 mm. camera. There is no ques- 
tion as to the significant benefit using the 
camera during encephalography. Standard 
views as well as multiple additional views 
can be obtained with significant reduction 
in the time required and preservation of 
diagnostic film quality. This is generally 
used for the film series during orbiting of 
the patient (supine, erect, prone and tem- 
poral horn views). The advantages and 
techniques of angiography with the 70 mm. 
and 105 mm. camera have been previously 
described during cerebral and coronary 
arteriography.!? The film quality is excel- 
lent, although certainly one would not 
consider that it 1s equal to the quality of 
routine magnified series with standard film 
changers. Standard subtraction techniques 
are also easily applied to the 105 mm. film 
(Fig. 5, B and C). The question is whether 
the ease and facility with which one can 
obtain multiple additional projections and 
the ease of centering would balance some 
loss of film quality. At present, one would 
not consider the 105 mm. camera to be the 
optimal choice for clinical cases requiring 
a high degree of resolution of minute ves- 
sels. There are cases, however, which 
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would be particularly well studied with this 
system. Patients with a spontaneous sub- 
arachmcid hemorrhage or those suspected 
of extracranial vascular disease can be very 
effectively studied with the 105 mm. sys- 
tem. Multiple additional views of the ex- 
tracran al or intracranial vessels in complex 
projections may be obtained in a markedly 
reducec time. Additionally, one could, if 
necessa-y, obtain a standard film series 
or ang otomography in a predetermined 
position. The advantages for selective 
spina! cord arteriography are readily ap- 
parent. One may obtain multiple views 
with flt oroscopic control of the filming and 
catheter position. 

Air myelography has been used primar- 
ily for the cervical region. The technique 
emphasized by Heinz and Goldman‘ has 
been employed on most occasions. This is 
most useful for cases of cervical spine 
traume where maintenance of skeletal trac- 
tion is necessary, but is also of primary 
benefit to evaluate cord compression and 
displacement due to cervical spondylosis. 

A supplementary benefit of this system 
Is stendard views of the skull or cervical 
spine. The chair or table may be used as 
clinica ly indicated. Once the isocenter is 
established, the 2 arms permit free orbiting 
of the Omnitome about the skull or spine, 
allowing any desired projection. Fluoros- 
copy permits the visualization. of the 
anatomic parts with simplified centering 
and lack of distortion during filming. Tech- 
nique charts have been designed by others? 
to facilitate the precise degrees of rotation 
and angulation. One may also use the unit 
for anv procedure requiring biplane fluoros- 
copy such as ventriculography, orbitog- 
raphy or cerebral biopsies. 


CONCLUSION 


The advantages of a new integrated iso- 
centri? system for diagnostic neuroradiol- 
ogy are presented. 

Tae patient is easily positioned and 
remaiis on the isocenter throughout the 
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study without extra movements of the 
chair or filming system. 

Angiography and air myelography can 
also be performed with this apparatus by 
using an accessory table. 

The benefits of an integrated 105 nm. 
camera are emphasized. 


Section of Neuroradiology 

Box 728, MCV Station 

Health Sciences Center 

Virginia Commonwealth University 
Richmond, Virginia 23298 
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OF CAT AND OTHER BEASTS* 


AT (Computerized Axial—or Assisted 
—Tomography)* is obviously here to 
stay. Agreement on this point is unanimous. 
A debate, however, seems to be developing 
cn a corollary matter: how significant will 
the impact of this new system on estab- 
lished diagnostic methods be? This ques- 
tion is the fashionable guessing game 
among neuroradiologists as well as nuclear 
medicine experts. In general, the sooth- 
sayers are not optimistic about the well- 
being of the older techniques. According to 
these latter-day Cassandras, pneumoen- 
cephalography is in its last throes, and the 
fate of radionuclide brain scanning is not 
much brighter. In fact, some nuclear medi- 
cine specialists presage a last Armageddon 
between CAT and radioisotope cerebral 
scintigraphy, with the latter probably 
lesing the battle and coming to an early 
death (the technique is less than 30 years 
old). This adversary approach is also hinted 
in some Requests for Proposals (RFP) for 
research grants and contracts. Cerebral an- 
giography fares a little better, but only in 
reference to certain specific conditions, as 
berry aneurysms. 
As an individual, who in former years! ? 
has devoted particular attention to the 


* Other nomenclature: Computerized Transverse Axial—or 
Transaxial—Scanning; Computerized X-ray Scanning; Com- 
puted Scanning; Computed Tomometry. 

! Dı Curro, G. RISA encephalography and convert:onal 
neureradiologic methods. Acta radiol., 1961, Suppl. 201, 105-111. 

? Dr Curro, G. How reliable is neuroradiology? Neurology, 
1952, 72, 93-98. 

"Dr Cairo, G. Comparison entre la scintigraphie et les 
methodes conventionnelles de neuroradiologie pour la localisation 
des lésions intra-crániennes. Ann. radiol., 1962, 5, 195-200. 

i Dı Curo, G. Reliability of neuroradiology. Clin. Neuresurg., 
19@3, 7O, 151-168. 

* Dı Curro, G. Relative value of air studies, angiography and 
radioisotope scanning in diagnosis of glial intracranial tumors. 
Progr. Neurol. Surg., 1968, 2, 292-317. 


question of reliability and relative value of 
neuroradiological methods, I would like to 
voice a word of caution. Let us temporize 
and hold judgment. In the meantime, I sug- 
gest we cerry out in our patients, whenever 
possible and practical, the well established 
diagnostic procedures, as well as CAT. 
Thus, we will avoid hasty, and perhaps re- 
grettable decisions, and in a few years, with 
the facts in our grasp, we will have a clearer 
understanding. 

Cautior is particularly important be- 
cause we do not really know what CAT will 
do. Two devices in operation, the EMI- 
Scanner^? and the ACTA-Scanner,? al- 
though similar on the surface, are funda- 
mentally different and we may well expect 
that other machines now being tested, built 
or designed, will perform in diverse fashion. 
Radionuckde sources are being considered 
and tested for transmission CAT, and a few 
investigators are experimenting with com- 
puterized image reconstruction from emis- 
sion scanning (injected radionuclides). 

The int-oduction in diagnostic radiology 
of the algorithms used for two-dimensional 
image reconstruction from sequences of 
one-dimensional X-ray profiles changes the 
entire basic outlook as far as equipment is 
concerned. The conventional commercial 
X-ray machines, although numerous, are 
essentially comparable products with dis- 


6 Hounsriet», G. N. Computerized transverse axial scanning 
(tomography): Part 1. Description of system. Brit. 7. Radiol., 
1973, 46, 1016-4022. 

7 AMBROSE, J. Computerized transverse axial scanning (tomog- 
raphy): Part 2. Clinical application. Brit. 7. Radiol., 1973, 46, 
1023-1047. 

8 Leper, R. S., Dı Curro, G., and Luessenuop, A. J. Com- 
puterized transcxial X-ray tomography of entire human body. To 


be published. 


* From the Section on Neuroradiology, National Institutes of Health, Bethesda, M:ryland; and Departments of Radiology and Neu- 


rosurgery, George Washington University, Washington, D. C. 
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similarities limited, in the last analysis, to 
technical refinements. Even in the field of 
radionuclide brain scanning, equipment 
variations are not prominent: in reality a 
rectilinear scanner and a gamma camera— 
devices considered by many to be at oppo- 
site poles—are but variations on a single 
theme. The use of one large crystal and the 
clever employment of an array of photo- 
multipliers in the gamma camera represent 
an elegant solution, but certainly not a 
breakthrough. In fact, we are still debating 
whether the resolution—the final test—of 
the gamma camera is equivalent to that of 
the rectilinear scanner. On the other hand, 
in computerized image reconstruction, a 
new algorithm may make a substantial, in- 
deed basic, difference in what we will be 
able to see and distinguish. One device may 
be able to handle highly differential contig- 
uous absorption-coefficient steps (ACTA), 
while another is possibly better suited to 
discriminate narrower variations in the 
absorption coefficients (EMI). These vastly 
diverse capabilities make it obvious that 
speaking of CAT as an homogeneous meth- 
odology is, at least, premature. It is most 
likely that the EMI and the ACTA repre- 
sent only the dawning. The manipulation 
of a computer program offers an endless 
number of possibilities. In this context, it is 
interesting to note the increasing support 
for development and/or improvement of 
analog, digital or hybrid algorithms, and 
for a system designed to test the various 
algorithms to be used for CAT. In a sort of 
"Future Shock" script, we may envisage 
machines with a number of exchangeable 
programs, each program being suited to a 
particular diagnostic problem. 

While I refuse to join the prognosticators 
of the impact that the new CAT methodol- 
ogy will have on older techniques, I would 
like to share some thoughts which have 
been crossing my mind. One of these is re- 
lated to the long time lapse between avail- 
ability of a technology and its implementa- 
tion with development of a workable 
machine. Successful CAT images were first 
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obtained in late 1971. Oldendorf,’ however, 
had already, in 1961, patented the concept 
of passing an X-ray beam at successive 
angles through an object to obtain a mea- 
sure o- the absorption coefficient at the 
rotat oa center. Cormack,!? in a remarkable 
paper of 1963, proposed making measure- 
ments of the X-ray transmission "along 
lines parallel to a large number of different 
direc-ions" so as to obtain a sequence of 
X-rav transmission profiles. He actually 
carried out an experiment using a colli- 
mated gamma ray source, and measured 
the intensity of the transmitted beam by 
mears of a Geiger-Müller counter at ; mm. 
intervzls over a 12.5 cm. scan-pass length. 
The absorption coefficients of an aluminum 
cvlinder surrounded by a wooden annular 
were calculated. The experimental results 
agreed with the actual absorption coefh- 
cients of the materials to a high degree of 
accuracy. Cormack!’ noted that his results 
were applicable to the field of radiology for 
"the determination of a variable X-ray ab- 
sorption coefficient in two dimensions." 
Thus, the essence of computerized axial 
tomography was already contained in 
Cormrizck's work, which represents a specific 
appl cation of a more general methodology 
of image reconstruction. This methodology 
has been used in fields as diverse as astron- 
omv and electron microscopy. I suspect, if 
radiologists had known and understood 
the implications of Cormack's contribution, 
CAT, its logical extension, would have been 
develcped much sooner. As in many in- 
stances, we are again compelled to recog- 
nize the frightful gap between technical 
poss bilities and actual accomplishments. 
It is obvious that inter-disciplinary cross- 
fertilization, to which lip service is paid at 
every scientific meeting, has a long way 
to go. 

A second thought concerns the perennial 


? Orpenpvorr, W. H. Isolated flying spot detection of radio- 
density discontinuities. JRE Transac. on Bio-Med. Electronics, 
1961, 3ME-8, 7, 68-72. 

10 Commack, A. M. Representation of function by its line inte- 
grals, vith some radiological applications. 7. Appl. Physiol., 1963, 
34, 2:22—2717. 
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tides of shifting emphasis on different basic 
aspects of neuroradiologic know-how. I am 
referring in particular to the reappearing 
importance of detailed anatomic knowledge 
of the CSF cavities. In the last decade, due 
to the increased application of the angio- 
graphic methodology, the young radiolo- 
gists and neuroradiologists have been 
cencentrating their attention on the fine 
anatomy of the cerebral vessels. In the 
same period, because of the decreased in- 
terest in pneumoencephalography, the de- 
tailed morphology of the ventricular sys- 
tem and subarachnoidal spaces has been 
neglected. It is clear that further CAT de- 
velopments will be in the direction ef im- 
proving the pictorial demonstration of the 
cerebrospinal fluid (CSF) spaces and the 
contours of the anatomic structures there- 
in. We will be striving for pneumoencepha- 
lographic images without “pneumo.” Ac- 
tually, the current CAT pictures are quite 
comparable to those obtained by the tech- 
nique of axial transverse encephalography 
described more than Io years ago.!!? 

The final point has perhaps to dc with 
"guild" interests. A neurosurgeon gave us 
pneumoencephalography, a neurolozist— 
cerebral angiography, and a general sur- 
geon—radionuclide brain scanning. Now, 


u Dr Curro, G. Axial transverse encephalography. PHS Pub- 
lication 1104, 1963, Bethesda, Maryland. 

* Di Cuiro, G. An Atlas of Detailed Normal Pneumoencephal- 
ographic Anatomy. Second edition. Charles C Thoms, Pub- 
lisher, Springfield, Ill., 1971. 
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at last, a neuroradiologist, Dr. James Am- 
brose, has been directly involved in the de- 
velopment of CAT. There are some indica- 
tions that nonradiologists are inclined to 
consider the CAT device as the machine 
which will eliminate all other machines. In 
the same breath, unconfessed hopes are 
flourishing in some quarters of a swift ob- 
solescence of that peculiarly hybrid crea- 
ture, the neuroradiologist. It would indeed 
be an ironic twist of fate, if a methodology 
developed with a strong input by a neuro- 
radiologist, should contribute to the demise 
of the neuroradiologic specialty. Only ‘‘in- 
nocent" practitioners, however, may de- 
lude themselves that the age of easy 
radiographic diagnosis has arrived. Sound 
neuroradiographic knowledge—with all 
that it entails in neuroanatomy, neuro- 
pathology, neurophysiology, neuropharma- 
cology and X-ray technology—is still in- 
dispensable, and will be the essential in- 
gredient for profitable application, reliable 
interpretation, and further development of 


CAT. 





Giovanni DI Curro, M.D.* 


Section on Neuroradiology 
Building 15, Room 2D17 
National Institutes of Health 
Bethesda, Maryland 20014 


f Head, Section on Neuradiology, National Institutes of Health, 
Bethesda, Maryland; Clinical Professor of Radiology and Clinical 
Professor of Neurosurgery, George Washington University, 
Washington, D. C. 
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WILLIS SEAMAN PECK, M.D. 
1900-1974 


O^ July 8th, 1974, at the age of 74, the 
end of an outstandingly useful career 
in radiology came for Willis Seaman Peck. 
Having survived several massive mvocar- 
dial infarctions over a period of 5 years, 
death came to him in his sleep. He is sur- 
vived by his 2 daughters, Mrs. Joanne 
Dansard and Mrs. Mary Galloway, both of 
Toledo, Ohio. 
Dr. Peck was born in Pulaski, New York 
and in 1924 was graduated from the medi- 
cal school of Syracuse University. A vear 


later he was married to Geraldine Benedict 
who cied in 1969. He was appointed in- 
structor in physical medicine, then a part 
of roentgenology, at the University of 
Michigan in 1928. He received training in 
radiology while serving in physical medi- 
cine and was promoted to Assistant Profes- 
sor and then Associate Professor in Radiol- 
ogy. In 1937 he was placed an charge of 
radiator. therapy activities. 

Dr. Peck’s training included a summer 
course ir. radiation physics at the Univer- 


662 


VoL. 125, NN. 3 
sity of Chicago and field trips to the Mayo 
Clinic, the old Memorial Hospital under 
James Ewing, Columbia University under 
Francis Carter Wood, Philadelphia General 
Hospital under Bernard P. Widmann and 
Weatherwax and the National Bureau of 
Standards in Bethesda. 

In 1939 the Michigan training wes car- 
ried over the state line into Toledo, Ohio, 
where Harry Dachtler and John Murphy 
had pioneered in roentgenology many years 
before. As an associate of Dr. Murray 
Goodrich at Toledo Hospital ani the 
Toledo Clinic, he was instrumen-al in 
broadening partnership activities tc cover 
additional hospitals in Toledo and neigh- 
boring towns. In those early vears radio- 
logic services were extended to communities 
from Sandusky on the east to Adrian, 
Michigan on the west with Fremort and 
Port Clinton in between, a span of 11o 
miles. In addition to major activities at 
Toledo Hospital and the Toledo Clinic, the 
growing partnership served Flower and 
Riverside Hospitals in Toledo and Dr. 
Peck participated in the radiation therapy 
work at the Maumee County Hospital. As 
professional radiologic services we-e de- 
veloped in the satellite hospitals, time 
spent by partnership radiologists in road 
travel was reduced and transferred to the 
growing work load in Toledo. Peck will be 
leng and gratefully remembered by physi- 
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clans and patients in northern Ohio towns 
for the excellent radiologic services which 
he and his associates provided for them. 
The present group, The Toledo Radio- 
logical Associates, 13 strong, continues 
office and hospital practice in Toledo. 

Willis Peck was a man of many interests. 
Over and beyond his vigorous and enthusi- 
astic practice of radiology with chief inter- 
est in radiation therapy, he found time to 
devote to outdoor life which had had a 
strong hold on him from boyhood. He was 
an excellent wing shot both in skeet and in 
hunting ducks and Upland birds in Michi- 
gan, Ohio and South Dakota. An expert fly 
fisherman, he tied trout flies of professional 
quality and used them to fish throughout 
the mid-west and from Alaska to Labrador. 
His well equipped workshop was used for 
the production of authentic duck decoys 
and excellent cabinet making. He turned 
out a number of pleasing oil paintings and 
became an able photographer, using that 
talent to record his various travels which 
included South Africa, Yucatan, the Cana- 
dian wilds and Alaska. 

Radiology has lost an able practitioner, 
administrator and teacher. The many per- 
sons who were privileged to know Willis 
Peck intimately have lost one of their best 
and truest friends. 


FRED JENNER Honces, M.D. 
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AMERICAN RADIUM SOCIETY 
Resident/Fellow Essay Award—May 1975 


The American Radium Society an- 
nounces its Fifth Annual Resident Essay 
Award Contest. 

A certificate of Award is presented, plus 
travel for resident and spouse (economy 
class) and $50 per diem for the duration of 
the Annual Meeting at the Americana 
Hotel, San Juan, Puerto Rico, May 4-9, 
1975. 

For the rules of applying the procedure, 
please write to: Elliot W. Strong, M.D., 
Memorial Sloan-Kettering Cancer Center, 
1275 York Avenue, New York, New York 
IOO2I. 


RADIOLOGY OF THE NEWBORN 
AND INFANT 

The Department of Radiology of Emory 
University School of Medicine will hold 
a course on Radiology of the Newborn and 
Infant, November 8 and 9, 1974. 

For further information, please contact: 
H. Stephen Weens, M.D., Department of 
Radiology, Emory University School of 
Medicine, Atlanta, Georgia 30322. 


THIRD ANNUAL WENDELL G. SCOTT 
MEMORIAL LECTURE 

The Mallinckrodt Institute of Radiology 
is pleased to announce the Third Annual 
Wendell G. Scott Memorial Lecture. 

Mallinckrodt Institute of Radiology and 
Washington University School of Medicine 
have named John M. Dennis, M.D., as the 
Third Annual Wendell G. Scott Lecturer 
and Visiting Professor. 

John M. Dennis, M.D., is Professor of 
Radiology at the University of Maryland 
School of Medicine and has been Head of 
the Department since 1953. He has recently 
been appointed as Dean of the Medical 
School. Dr. Dennis is noted for contribu- 
tions to many areas of radiology and is cur- 
rently a trustee on the American Board of 


Radiology and Vice Chairman of the Board 
of Chancellors, American College of Radi- 
ology. 

For further information, please contact: 
Ronald G. Evens, M.D., Professor and 
Head, The Edward Mallinckrodt Institute 
of Radiology, 510 South Kingshighway, 
St. Louis, Missouri 63110. 


AADIOLOGY CONFERENCE 


The Department of Radiology of the 
University of Illinois College of Medicine, 
Abraham Lincoln School of Medicine is 
presenting the Eighth Annual Conference 
on Radiology in Otolaryngology and Oph- 
thalmology at the Illinois Eye and Ear In- 
firmary, University of Illinois at the Medi- 
cal Certer, on Friday and Saturday, 
November 29 and 30, 1974. 

This course, under the direction of Gal- 
dino E. Valvassori, M.D., will include lec- 
tures and visual representations by a 
distinguished faculty. Objectives of the 
program are to make radiologists more 
aware o^ the applications of radiology in 
otolaryngology and ophthalmology; also to 
present recent advances in otoradiology. 
One-and-one-half days will be spent on 
radiologv and otolaryngology. Saturday 
afternooa will be devoted to radiology and 
ophthalmology. 

For farther information please write: 
Jane Whitener, Office of Continuing Edu- 
cation Services, University of Illinois Col- 
lege of Medicine, 18:3 West Polk Street, 
Room 121, Chicago, Illinois 60612. 


THE DELAYED CONSEQUENCES OF 
CANCER THERAPY: 
2ROVEN AND POTENTIAL 

A Cor.ference sponsored by the Cancer 
Clinical [nvestigations Review Committee 
of the National Cancer Institute will be 
held in Orlando, Florida at the Sheraton 
Olympic Villa, 6700 Sand Lake Road, on 
January 9-11, 1975. 
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The topics include: Basic Mechanisms of 
Injury; Late Effects of Chemotherapy; 
Late Effects of Radiation Therapy; Late 
Effects of Combined Chemo- and Radia- 
tion Therapy on Organ Function; and 
Immune Competence, Oncogenesis, et-., as 
well as Epidemiology. 

The participants are: G. Canellos, G. 
Casarett, W. Creasey, G. D’Angic, A. 
Evans, Z. Fuks, A. Gilladoga, E. Gehan, 
T. Hall, C. Harris, J. Harris, F. Hendrick- 
son, G. Hutchison, N. Jaffe, R. Johason, 
T. King, M. Lane, C. Lushbaugh, A. Mead- 
ows, M. Mendelshon, P. Morris-Jones, M. 
Nesbit, J. Nickson, R. Parker, I. Fenn, 
T. Philips, G. Ross, U. Saffiotti, C. Shella- 
barger, H. Tagnon, M. Tefft, L. Wasser- 
man, D. White, J. Wilson, and R. Witàers. 

For further information please write to: 
Mrs. Jeannette Steinbraker, Room 1-403 
Westwood Building, National Institutes of 
Health, Bethesda, Maryland 20014. 


POSTGRADUATE COURSE IN 
DIAGNOSTIC RADIOLOGY 

The Cornell University Medical Ce lege 
is sponsoring a § day postgraduate course 
in Diagnostic Radiology at the King’s Inn 
and Golf Club in Freeport, Grand Bahamas 
Island, Bahamas on February 10-14, 1975. 

Scientific sessions dealing with the GI 
and GU Tracts, Skeletal System, Chest and 
Pediatrics will be held from 8:30 4M.— 
1:00 P.M. each day. Special emphasis will 
be placed on the anatomic and pathobgic 
cerrelation. 

The Guest Faculty includes Drs. Devid 
H. Baker, Elias G. Theros, John A. Evans, 
Harold A. Baltaxe, Robert H. Freiberzer, 
Morton A. Meyers, Zuheir Majahed, Jo- 
seph P. Whalen, and Patricia Winchester. 

For further information and registration 
forms please apply to: John A. Evans, 
M.D., Department of Radiology, Cornell 
University Medical College, 1300 York 
Avenue, New York, New York 10021. 


DIAGNOSTIC RADIOLOGY OF THE 
URINARY TRACT 


This course is designed for radiologists 
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and urologists and will include discussions 
on diagnosis, radiologic/pathologic correla- 
tion, and management of neoplastic, in- 
flammatcry, and traumatic conditions of 
the kidney, ureters, bladder, urethra, pros- 
tate, and pelvic-genital organs. 

The meeting will be held February 23- 
27, 1975, and will include informal talks, 
panel discussions, and round table discus- 
sions by an outstanding guest faculty and 
members of the staff of the Departments of 
Radiology and Urology of LSU School of 
Medicine. 

For further information, please contact: 
Erich K. Lang, M.D., Department of 
Radiology, LSU School of Medicine, P.O. 
Box 3932. Shreveport, Louisiana 71130. 


FIFTH ANNUAL ASPEN RADIOLOGY 
CONFERENCE 

The Fifth Annual Aspen Radiology Con- 
terence will be held March 3-7, 1975, at the 
Aspen Institute for Humanistic Studies, 
Aspen, Colorado. 

The Conference is designed for physicians 
and scientists interested in diagnostic radi- 
ology, nuclear medicine and radiation ther- 
apy, and will explore the impact of clinical 
and techaologic advances on radiologic 
practice. 

The topics for discussion will include ad- 
vances in bone, vascular, gastrointestinal, 
and neuroradiology involving a tri-radio- 
logic approach. Each morning course will 
survey the advances in a single radiology 
subdivisioa as a refresher course with inde- 
pendent diagnostic, nuclear medicine and 
therapy «sessions. Previewed instructive 
cases, illustrating these topics, will be pre- 
sented for open discussion in the after- 
noons. 

The Faculty in Diagnostic Radiology will 
consist of: Stanley Baum, M.D., Harvard 
University; Marvin Daves, M.D., Univer- 
sity of Colorado; Henry Goldberg, M.D., 
University of California; Fred Hodges, 
M.D., Joans Hopkins University; and 
Don Resnick, M.D., University of Cali- 
fornia. 


The Faculty in Nuclear Medicine will 
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consist of: Fred Bonte, M.D., University of 
Texas; Gerald DeNardo, M.D., University 
of California; Alexander Gottschalk, M.D., 
University of Chicago; Robert O'Mara, 
M.D., University of Arizona; and Duncan 
Burdick, M.D., University of Colorado. 

The Faculty in Radiation Therapy will 
consist of: Luther Brady, M.D., Hahne- 
mann Medical College; Sam Hellman, 
M.D., Harvard University; Eric Mayer, 
M.D., University of Arizona; Theodore 
Phillips, M.D., University of California; 
and Philip Rubin, M.D., University of 
Rochester, New York. 

Further informatian may be obtained 
from Maurice O'Connor, M.D., Conference 
Director, Division of Radiology, Denver 
General Hospital, Denver, Colorado 80204. 


SEMINAR IN ANGIOGRAPHY: 
PROSPECTS FOR LATIN AMERICA 157; 


The Departments of Radiology, Shady- 
side Hospital and University of Pittsburgh, 
will hold this Seminar in conjunction with 
the 11th Inter-American Congress of Radi- 
ology, at Tequendama Hotel, Bogota, 
Colombia, South America, February 14 and 
15, 1975. 

This Seminar is A.M.A. approved Cate- 
gory I (13 hr. credit). 

For further information, please contact: 
Shadyside Hospital, Department of Radi- 
ology, 5230 Centre Avenue, Pittsburgh, 
Pennsylvania 15232. 


POSTGRADUATE COURSE IN THE 

RADIOLOGY OF BONES AND JOINTS 

A Postgraduate Course in the Radiology 
of Bones and Joints (Radiology PM 3) will 
be given at the College of Physicians and 
Surgeons of Columbia University under the 
direction of Dr. Frieda Feldman, Professor 
of Clinical Radiology and Director of Skele- 
tal Radiology at the Columbia-Presby- 
terian Medical Center on March 17-19, 
1975. 

This course is designed for Radiologists, 
Orthopedists and Rheumatologists, and 
will cover basic and current concepts of 
skeletal radiology and topics relating to the 
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patho ozy, physiology and treatment of 
skeletal disease. 

The course is approved for 24 hours 
credit by the Commission on Education of 
the American Academy of General Practice. 

For further information please write to 
Dr. Frieda Feldman, the Director of the 
Course, Department of Radiology, The 
Presbyterian Hospital, 622 West 168th 
Street, New York, New York 10032. 


OFHTHALMOLOGIC RADIOLOGY: 
RADIOLOGY OF THE EYE, THE 
ORBIT AND VISION 

Columbia University College of Physi- 
cians and Surgeons will sponsor a course on 
the kadiologv of the Eve, the Orbit and 
Vision on Friday and Saturday, March 21 
and 22. 1975. 

The course will deal with the radio- 
graphic diagnosis of conditions affecting the 
eye and vision, including the orbit, the 
paranasal sinuses and the sella turcica. 

The role of routine radiography and 
special procedures including tomography, 
ultrasonography, angiography, venography 
and decryocystography will be presented. 

This course is accredited by the A.M.A. 
Catezory I award for 14 hours. 

The Faculty includes Drs. Coleman, 
Grove. Kieffer, Hui, Potter, Tenner, Tret- 
ter, Trokel, Valvassori, and Zimmer. 

Fcr further information please write to: 
Dr. Guy D. Potter, Professor of Radiology, 
Director of the Course, Department of 
Radiology, The Presbyterian Hospital, 622 
Wes- 168th Street, New York, New York 
10032. 

POSTGRADUATE COURSE IN DIAGNOSTIC 
RADIOLOGY OF THE CHEST 

The Department of Radiology of the 
New York Medical College is sponsoring a 
3 day Post-graduate Course in Diagnostic 
Rad ology of the Chest on April 7-9, 1975. 

The course will be held at the Plaza Hotel 
in New York City. Scientific sessions will be 
held from 8:30 a.m. through 5:00 P.M. 
daily. 

For further information, please write to: 


Richard M. Friedenberg, M.D., Depart- 
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ment of Radiology, New York Medical 
College, 1249 Fifth Avenue, New York, 
New York 10029. 


THE INTERNATIONAL 
SKELETAL SOCIETY 

The International Skeletal Socie-* an- 
nounces that it will be holding a Second 
Refresher Course on Skeletal Disorders, an 
interdisciplinary course with emphasis on 
Radiology, at Royal College of Phys -:ans, 
London, N.W.1, April 28-30, 1975. 

The speakers will be members of The 
International Skeletal Society and wi. con- 
sist of eminent specialists in skeleta dis- 
erders encompassing radiology, pathcogy, 
erthopedic surgery, rheumatology, endo- 
crinology, and epidemiology. 

Numbers are strictly limited. 

The Program Committee consists of Pro- 
fessor J. H. Middlemiss, Chairman: Dr. 
Philip Jacobs; Dr. Ronald O. Murray; 
Dr. Harold G. Jacobson; Dr. Jack Ede ken; 
and Dr. Hubert A. Sissons. 

Applications should be returned t- Dr. 
Jack Edeiken, Department of Radie-ogy, 
Thomas Jefferson University Hospital, 
tith and Walnut Streets, Philade shia, 
Pennsylvania 19107. 


INTERNATIONAL SYMPOSIUM ON CANCER 
THERAPY BY HYPERTHERMIA 
AND RADIATION 


A 3 day international symposium on 
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Cancer Therapy and Hyperthermia, under 
the co-sponsorship of the American College 
of Radiology and the National Cancer In- 
stitute, is being planned at the Key 
Bridge Marriott Hotel, Washington, D. C., 
U.S.A., for May 11-13, 1975. 

This meeting will bring together physi- 
cists, raciation therapists, radiobiologists, 
physiologists, and engineers, and will focus 
on the status and potential of hyper- 
thermia zs an adjunct to cancer therapy. 

The meeting will include a series of 
formal presentations and extended informal 
discussions. Among the topics to be con- 
sidered are: Effects of Hyperthermia on 
Normal and Tumor Tissues; Mechanisms 
of the Combined Action of Hyperthermia 
and Rad ation; Production and Measure- 
ment of Thermal Fields; Potential of the 
Combined Modality to Clinical Oncology; 
and Physiological Response to Hyperther- 
mia. Noted researchers from around the 
world will present the formal papers and 
lead the ciscussions. 

This symposium will be limited to 100 
participants. Applicants will be considered 
on a first-come, first-served basis. 

For further information and registration 
materials, please write: J. Eugene Robin- 
son, Ph.E., or Morris J. Wizenberg, M.D., 
c/o The American College of Radiology, 
6900 Wisconsin Avenue, Chevy Chase, 
Maryland 20015. 
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THE FUNDAMENTALS or RaDIOLOGICAL Sci- 
ENCE. By John Hale, Ph.D., Department of 
Radiology, Hospital of the University of 
Pennsylvania, Philadelphia, Pa. Cloth. Pp. 
343, with some illustrations. Price, $14.75. 
Charles C Thomas, Publisher, 301-327 East 
Lawrence Avenue, Springfield, Ill. 62717, 
1974. 

This eminently readable book is a welcome 
addition to the literature despite the wealth of 
recent publications dealing with radiological 
physics. Like most textbooks on this subject, 
it is intended primarily for residents in radiol- 
ogy. The author’s approach to teaching radio- 
logical physics is to divide the subject into two 
areas: (1) basic radiological science; and (2) 
clinical applications. The purpose of this book 
is to cover the first topic. 

The first two chapters provide a systematic 
review of those aspects of general college 
physics and mathematics that are applicable to 
the study of radiological physics. Chapter 1 is 
a review of basic mathematics including an in- 
troduction to differential and integral calculus. 
The chapter is brief and to the point with a 
large number of practical examples. Of par- 
ticular value is the outline at the end of Chapter 
1 which condenses the review into two pages, 
providing a very useful reference. Chapter 2 is a 
review of basic physical concepts and includes 
a very good introduction to relativity and the 
uncertainty principle. The sections dealing 
with electricity, magnetism and electronics are 
particularly well written with most of the 
examples and circuits relevant to radiation 
producing machines. It is unfortunate that 
limits have to be set, so that a review of optics 
and sound is not included among the topics 
presented. These areas are pertinent to some 
of the new tools found in diagnostic radiology 
departments today, but are really outside the 
realm of basic radiological physics. Chapters 1 
and 2 may very well be the most important 
chapters in the book, since they cover topics not 
reviewed in many of the other basic textbooks. 

Chapters 3, 4, and 5 cover atomic and nuclear 
physics, machines for producing radiation and 
the interaction of radiation with matter. These 
chapters are well written and thorough without 
causing the typical resident to read information 





he wi. feel is beyond his needs. 

The section on microwave linear accelerators 
in Crapter 4, and the distinctions which are 
made between the absorption of electrons and 
heavy particles and monoenergetic electrons 
and æta rays presented in Chapter 5 are par- 
ticularly well written at the appropriate level. 

Tle final Chapter deals with dose, kerma, 
and =xposure. Instead of taking the historical 
approach of discussing exposure first, the 
author covers absorbed dose and kerma before 
intrcducing exposure. He then demonstrates 
the chose relationship between kerma in air and 
expcsure. I have used this approach in my 
lecture series for several years and was most 
pleased to see a basic textbook concurring with 
it. T. is also delightful to see the author empha- 
sizirz the necessity of electron equilibrium for 
the »7actical measurement of exposure. 

A though it is difficult to completely evalu- 
ate . textbook without receiving feedback from 
you: students, I must nevertheless credit the 
autlor with producing a first-rate textbook on 


the ardamentals of radiological science. 
WiLLIAM G. Van DE Rirzr, Pu.D. 


BOOKS RECEIVED 


Cox-ExriTAL DEFORMITIES OF THE HAND AND FORE- 
ALM, By H. Kelikian, M.D., Emeritus Professor of 
Om-hopedic Surgery, Northwestern University 
Medical School; Senior Attending Orthopedic 
Sargeon, Northwestern Memorial Hospital, Chi- 
c:go; and Consulting Orthopedic Surgeon, Beth- 
a1; Methodist, Henrotin and Augustana Hospi- 
tel, Chicago, Ill. Cloth. Pp. 1,007, with 620 
ilustrations. Price, $35.00. W. B. Saunders Com- 
pany, West Washington Square, Philadelphia, Pa. 
1310$, 1974. 

Tur VERTEBRAL CoLuMw. By Bernard S. Epstein, 
M LD., Chairman, Department of Radiology, The 
Long Island Jewish-Hillside Medical Center, New 
F7de Park, N. Y.; Professor of Radiology, 
821col of Medicine, Health Science Center, State 
l niversity of New York, Stony Brook, N. Y. An 
^ tlas of Tumor Radiology, Philip J. Hodes, M.D., 
F ditor-in-Chief. Cloth. Pp. 628, with many figures. 
Hice, $40.00, Year Book Medical Publishers, Inc., 
5 East Wacker Drive, Chicago, Ill. 60601, 1974. 

Tu= RapnroLocic Ciinics or NORTH AMERICA, Sym- 
pesium on The Skull and Brain. Guest Editors, 
Morman E. Chase, M.D., and Irvin I. Kricheff, 
M.D. August, 1974, Volume XII, Number 2. Pp. 


668 


Vou. 122, No. 3 


193, with many illustrations. W. B. Sa-nders 


Company, West Washington Square, Philadelphia, 
Pa. 19105, 1974. 


AEDOMINAL EcHOGRAPHY: ULTRASOUND IX THE 


DiAGNOSIS OF ABDOMINAL Conpitions. Br Ellis 
Barnett, F.R.C.P. (Glas), D.M.R.D., F.F.R., 
Consultant Radiologist, Western Infirmary and 
Royal Maternity Hospital, Glasgow; and P :tricia 
Morley, M.B., B.S., D. M.R.D., Medical Ass stant, 
Radiodiagnostic Department, Western Infirmary, 
Glasgow. Paper. Pp. 138, with many fures. 
Price, £4.40. The Butterworth Group, 8% Xings- 
way, London WC2B 6AB, England, 1974. 


DIAGNOSIS AND TREATMENT OF PITUITARY TUMORS. 


Proceedings of a Conference Sponsored jointly by 
the National Institute of Child Health and Human 
Development and the National Cancer Institute 
m Bethesda, Md., Jan. 15-17, 1973. Edited by 
Peter O. Kohler, M.D., Professor of Mecicine, 
Baylor College of Medicine, Houston, Texas: and 
Griff T. Ross, M.D., Ph.D., Clinical Director, 
National Institute of Child Health and Develop- 
ment, Bethesda, Md. Cloth. Pp. 343, wich some 
figures. Price, $36.00. American Elsevier Publish- 
mg Company, Inc., 52 Vanderbilt Avenue. New 
York, N. Y. 10017, 1974. 


Manpower Issues AND VOLUNTARY REGULATION 


my Mzpicar Specratty System. By Hertert J. 
Lerner. Paper. Pp. 200. Price, $5.95. Prodis- New 
York. Neale Watson Academic Publications Inc., 
156 Fifth Avenue, New York, N. Y. 10010, 1974. 


‘TRAUMATIC DISLOCATION OF THE PATELLA: A RADIO- 


CRAPHIC INveEsTIGATION. By Sven Schelle- and 
Lars Martenson, Departments of Diagnostic Radi- 
clogy and Orthopaedic Surgery I, Sahlgrenska 
Sjukhuset, 413-45 Göteborg, Sweden. Acta 
Radiologica Supplementum 336. Paper. Pp 160, 
with some figures. Price, Sw.Kr. £0:-. Acta F adio- 
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logica, Box 2052, 103 12 Stockholm, Sweden, 1974. 

MYOCARDIAL SCINTIGRAPHY AND ESTIMATION OF 
Recionat BLoop FrLow wrrH XENoN-133. By 
Ossi Horhola, Institute of Diagnostic Radiology, 
Meilahti Hospital, University Central Hospital, 
Helsinki, Finland. Acta Radiologica Supplemen- 
tum 337- Paper. Pp. 65, with some figures. Price, 
Sw.Kr. 49:-. Acta Radiologica, Box 2052, 103 12 
Stockholm, Sweden, 1974. 

OPTIMISED TOMOGRAPHY: THEORETICAL AND PRAC- 
TICAL ANALYSES OF THE ELIMINATION or Depic- 
TION Errors In Tomocrapny. By Kurt Astrand 
and Sver Reichmann, Department of Diagnostic 
Radiology III, Sahlgrenska Sjukhuset, S-411 32 
Goteborg, Sweden. Acta Radiologica Supplemen- 
tum 338. Paper. Pp. 76, with some figures. Price, 
Sw.Kr. 42:-. Acta Radiologica, Box 2052, 103 12 
Stockholm, Sweden, 1974. 

LympHocré PHY IN TunERCULOsis. By Ilkka Suramo, 
Department of Roentgenology, University of 
Oulu, Ovlu, Finland. Acta Radiologica Supple- 
mentum 339. Paper. Pp. 58, with some figures. 
Price, Sw.Kr. 40:-. Acta Radiologica, Box 2052, 
103 12 Stockholm, Sweden, 1974. 

Se-Sopium SELENITE SCINTIGRAPHY IN DIAGNOSIS 
or Tumours. By Eeva Nordman, Department of 
Radiation Therapy, Central Hospital of Middle 
Finland, Jyvaskyla, Finland. Acta Radiologica 
Supplementum 340. Paper. Pp. 78, with some 
figures. Frice, Sw.Kr. 45-. Acta Radiologica, Box 
2052, 103 12 Stockholm, Sweden, 1974. 

PELVIMETRY WITH IMAGE INTENSIFIER CAMERA: A 
Low Rapaation Dose Metuon. By Ilpo Lauteala, 
Department of Radiology, University Central 
Hospital, Turku, Finland. Acta Radiologica Sup- 
plementum 341. Paper. Pp. 132, with some figures. 
Price, Sw. Kr. 50-. Acta Radiologica, Box 2052, 103 
12 Stockholm, Sweden, 1974. 
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SOCIETY PROCEEDINGS 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN RoENTGEN Ray Society 
Secretary, Dr. James Franklin Martin, 300 S. Haw- 
thorne Rd., Winston Salem, N. C. 27103. Annual Meet- 
ing: Marriott Hotel, Atlanta, Ga., Sept. 50-Oct. 3, 1975. 

AMERICAN RADIUM SOCIETY 
Secretary, Richard H. Jesse, Dept. of Surgery, M. D. 
Anderson Hosp. and Tumor Institute, Houston, Tex. 
77025. Annual Meeting: Americana Hotel, San Juan, 
Puerto Rico, May 4-9, 1975. 

RADIOLOGICAL SOCIETY or NORTH AMERICA 
Secretary, Dr. Hillier L. Baker, Jr., Mayo Clinic, Roches- 
ter, Minn. ssgor. Annual Meeting: Palmer House, Chi- 
cago, Ill., Dec. 1-6, 1974. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago, Ill. 60606. Annual meeting: Portland- 
Hilton Hotel, Portland, Oregon, March 31-April 4, 1975. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL ÁssOCIATION 
Secretary, Dr. Antolin Raventos, Davis, Calif. Annual 
Meeting: Atlantic City, N. J., June 15-19, 197:. 

AMERICAN Board or RADIOLOGY 
Secretary, Dr. C. Allen Good. Correspondence should be 
directed to Kahler East, Rochester, Minn. 5:9or. 

Oral examinations will be held in the following city 
during this year: Los Angeles, Calif., Dec. 9-13, 1974, 
International Hotel. 

Applications must be received in the Board Office 
before Sept. 30 of the year preceding the one in which the 
candidate wishes to be examined. 

Deadline for filing applications for any examination in 
1975 was September 30, 1974. 

AMERICAN Boarp or NucLEAR Mapicisg, Inc. A Conjoint 
Board of the American Boards of Internal Medicine, 
Pathology and Radiology and sponsored by the Society 
of Nuclear Medicine. 

Application forms and further information are avail- 
able from the American Board of Nuclear Medicine, 
305 E. 45th St., New York, N. Y. 10017. 

AMERICAN ASSOCIATION OF Puysicists IN MEDICINE 
Secretary, Kenneth D. Williams, M.S., Dept. Radiol., 
Washington Hospital Center, 110 Irving St., N.W,, 
Washington, D.C. 20010. Annual Meeting. 

AMERICAN SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Robert W. Edland, 1836 South Ave., La 
Crosse, Wisc., 54601. Annual Meeting: Sonesta Beach 
Hotel, Key Biscayne, Fla., Oct. 31-Nov. 3, 1974. 

AMERICAN NUCLEAR SOCIETY 
Program Chairman, Werner K. Kern, IRD, Space 
Nuclear Systems, F 309, U. S. Atomic Energy Commis- 
sion, Washington, D.C. 20545. Winter Meeting: Wash- 
ington, D.C., Oct. 27-Nov. 1, 1974. 

AMERICAN INnstTITUTE OF ULTRASOUND IN MEDICINE 
Secretary, John M. Reid, Ph.D., 556 18th Ave., Seattle, 
Wash. 98122. Annual Meeting. 

AMERICAN SociETY OF NEURORADIOLOGY 
Secretary , Dr. David O. Davis, Department of Radiology, 
g01 Twenty-third St., N.W., Washington, D. C. 20037. 
Annual Meeting. 

FOURTEENTH INTERNATIONAL CONGRESS OF RADIOLOGY 
Rio de Janeiro, Brazil in 1977. 


INTERNa7-0NAL SOCIETY OF RADIOLOGY 
Hon. Secretary-Treasurer, Prof. W. A. Fuchs, M.D., De- 
partr er t of Diagnostic Radiology, University Hospital, 
Inselspi-al, CH-3010 Bern, Switzerland. 

ELEVENTH INTER-AMERICAN CONGRESS OF RADIOLOGY 
Coun.elor for the United States, Dr. Juan A. del Regato, 
Univ. cf South Florida, Tampa, Fla. 

Secretar of Congress, Dr. Alberto Mejia, Apartado Aéreo 
$3737, Eogotá 2, Colombia. Meeting: Feb. 16-21, 1975. 

INTER-AM=RICAN COLLEGE OF RADIOLOGY 
Presicent, Dr. Miguel Dao y Dao, Apartado Postal 
14213, Candelaria, Caracas, Venezuela, S.A. 

Secretar" of Congress: Dr. Alberto Mejia, Apartado 
Aereo c7 737, Bogotá 2, Colombia, S.A. Meeting: Bogotá, 
Colombia, Feb. 16-21, 1975. 

THIRD CONGRESS OF THE EUROPEAN ASSOCIATION OF 
RaDICLoGY 
Secretar? General, P.O. Box 14, 79 Lauriston Place, Edin- 
burgh BHI IDB, Scotland, Meeting: June 22-27, 1975. 

SECOND AsIAN AND OCEANIAN ConGrEss OF RADIOLOGY 
Secretar», Dr. Buenaventura U. V. Angtuaco, Congress 
Secretanat Headquarters 2161 Taft Ave., Manila, Philip- 
pines. 

Meeting: Manila, Philippines, Nov. 10-14, 1975. 

ALABAMA CHAPTER OF ACR 
Secretarr-Treasurer, Dr. Lowry R. Young, Jr., 905 
Madisor St., Huntsville, Ala. 35801. Meets time and 
place of Alabama State Medical Association. 

ALAsKA RapnioLocicAL Society, CHAPTER ACR 
Secretarz-Treasurer, Dr. Maurice J. Coyle, 3200 Provi- 
dence Ave., Anchorage, Alaska 99504. 

AMERICAN OSTEOPATHIC COLLEGE OF RADIOLOGY 
Annual Scientific Meeting: Americana Hotel, Bar Harbor, 
Fla. Frogram Administrator: Lawrence J. Jordan, D.O., 
Suite 21, Ponce American Bldg., 4601 Ponce de Leon 
Blvd.. Coral Gables, Fla. 33146. 

AMERIC.N THERMOGRAPHIC SOCIETY 
Secretarz- Treasurer, John Wallace, Ph.D., Dept. Radiol., 
Thomas Jefferson Univ. Hosp., Philadelphia, Pa. 19107. 
Annual Meeting. 

ARIZONA F.ADIOLOGICAL SOCIETY, CHAPTER OF ACR 
Secretarz , Dr. Robert J. Johnson, 1603 N. Tucson Blvd., 
Tucson 85716. Two regular meetings a year. Annual 
meetiag at time and place of State Medical Association 
and ir terim meeting six months later. 

Ark-La Tzx RADIOLOGICAL SOCIETY 
Secretar», Dr. Erich K. Lang, Confederate Memorial 
Medical Center, LSU School of Medicine, Shreveport, 
Lá. eet. 

ARKANSAS CHAPTER OF ACR 
Secretarz- Treasurer, Dr. David H. Newbern, 4301 W. 
Markaam, Little Rock, Ark. 72205. Meets twice annu- 
ally, the Spring Meeting being in conjunction with and 
at the p ace of the State Medical Association. 

ASSOCIATION OF UNIVERSITY RADIOLOGISTS 
Secretarz-Treasurer, Dr. Mark M. Mishkin. The Gradu- 
ate Hosp., Univ. of Pennsylvania, Philadelphia, Pa. 
23rd Amnual Meeting: San Diego, Calif., May 4-6, 
1975. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretarr- Treasurer, Dr. Marshall J. Cantanzaro, Dept. of 
Radial., Northside Hosp., Atlanta, Ga. 30342. Meets on 
fourth Thursday evenings during the academic year at a 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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time announced in early September of each year, at the 
Academy of Medicine, Atlanta, Ga., at 8:00 P.M. 

BavARIAN-AMERICAN RADIOLOGIC SOCIETY 
Secretary, Maj. Marco J. DiBiase, M.D., Radiology 
Service, 130th Station Hosp., APO N. Y. ogscz. Next 
meeting Dec. 5-8 in Nürnberg, Germany. 

BiockLey RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joseph H. Rosen, West Park 
Hospital, 3905 Ford Rd., Philadelphia, Pa. 19131. 

BLUEGRASS RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Eugene Slusher, Lexington 
Clinic, 1221 S. Broadway, Lexington, Ky. 4c«c4. The 
Society meets once each month during the schoel vear. 

Bronx RapnrioLocicAL Socigrvy, New York STATE, CHAP- 
TER ACR 
"ecretary- Treasurer, Dr. Leon J. Corbin, 1369 Rosendale 
Ave., Bronx, N. Y. 10472. Meets 4 times a year. 

BRDOKLYN RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joshua A. Becker, Dewnstate 
Medical Clin., 450 Clarkson Ave., Brooklyn, N. Y. 11203. 
Meets first Thursday of each month, October threugh June. 

BrrraALo RADIOLOGICAL SOCIETY 
Secretary, Dr. George J. Alker, Jr., E. J. Meyer Mem. 
Hosp., Buffalo, N. Y. 14215. Meets second Monday 
evening each month, October to May inclusive, at Uni- 
versity Club. 

CarironNiA RADIATION THERAPY ASSOCIATION 
Secretary- Treasurer, Dr. James R. Eltringham, Stanford 
Medical Center, Stanford, Calif. 94304. Meets semian- 
nually in San Francisco and Los Angeles. 

CALIFORNIA RADIOLOGICAL Society, CALIFORNIA CHAPTER 
of ACR 
Secretary- Treasurer, Dr. John L. Gwinn, 46> Sunset 
Blvd., Los Angeles, Calif. 90027. 

CarawBa VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Joe Jacumin, P.O. Box 26s, 
Rutherford College, N. C. 28671. Meets the las Thurs- 
day of every month, Holiday Inn, Morganton, v. C. at 
7:30 P.M. 

CzNTRAL New Yonk RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Alfred Brettner, Auburn Mem. 
Hosp., Auburn, N. Y. 13021. Meets first Momcay each 
month October through May. 

CENTRAL Oun10 RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Daniel E. Lewis, Grane Hosp., 
Columbus, Ohio 43215. Meets second Thursday in 
October, November, January, and March 1s, and May 
19 at Fort Hayes Hotel, Columbus, Ohio. 

Centra Texas Raprotocy Society 
Secretary-Treasurer, Dr. John M. Stoebner, Seott and 
White Clinic, Temple, Tex. 76501. Meets the fourth 
Monday of each month at Ponderosa Hotel, Temple, 
Tex. at 7:00 P.M. 

CuicaGo RapioLogGicAL Society, Division oF 
ILLIno1s RADIOLOGICAL Socikgrv, CHAPTER Of ACR 
Secretary-Treasurer, Dr. Raymond L. Del Fava, 355 
Ridge Ave., Evanston, Ill. 60202. Meets third Thursday 
of each month, October to April, except December, at the 
Bismark Hotel, Chicago, Ill. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Charles M. Greenwald, 7007 
Powers Blvd., X-Ray Dept., Parma, Ohio 44129. Meet- 
ings at 7:00 P.M. on fourth Monday of October. Novem- 
ber, January, February, March and fifth Monday of April. 

CoLonApo RADIOLOGICAL SOCIETY, CHAPTER OF ALR 
Secretary, Dr. Jerome D. Sutherland, 370; E. Colfax 
Ave., Denver, Colo. 80206. Meets third Frida- of each 
poss at Denver Athletic Club from Septem»e- through 

ay. 

Connecticut VALLEY RADIOLOGIC SOCIETY 
Secretary, Dr. Gerald N. LaPierre, 759 Chestnut St., 
Springfield, Mass. 01107. Meets in April and Cctober. 

Davvas-Fort WortH RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Richard C. Gasser, 15<so W. 
Rosedale, Rm. 100, Ft. Worth, Tex. 76104. Meets the 
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3rd Monday of every month at 6:30 P.M., at the Cibola 
Inn, Arlington, Tex. 

DELAWARE CHAPTER OF ACR 
Secretary, Dr. Seymour R. Kaplan, Kent Gen. Hosp., 
Dover, Dd. 19901. 

East Bay RapioLocicAL SOCIETY 
Secretary-Treasurer, Dr. Robert L. Stein, 43 Dormidera 
Ave., Piedmont, Calif. 94611. Meets first Thursday each 
month, Oet. through May, at University Club, Oakland, 
Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George H. Wood, 205 Medical 
Arts Bldg, Knoxville, Tenn. 37902. Meets in January 
and September. 

FLoripA Ra&DIOLOGICAL Socigrv, CHAPTER OF ACR 
Secretary. Dr. Paul J. Popovich, 1350 S. Hickory St., 
Melbourne, Fla. 32901. Meets twice annually, in the 
spring with the annual State Society Meeting and in 
the fall. 

FLonibpA Wzsr Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James P. Ahearn, so1 E. Buffalo 
Ave., Tampa, Fla. 33603. Meets on 4th Thursday of the 
months January, March, May, October, and November. 

GreonciA RapioLocicAL Society, CHAPTER OF ACR 
Secretary, Dr. E. P. Rasmussen, Piedmont Prof. Bldg., 35 
Collier Rd., N.W., Atlanta, Ga. 30309. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GnEATER Kansas Ciry RADIOLOGICAL SOCIETY 
Presideni-Secretary, Dr. Rodger W. Lambie, 701 E. 63rd 
St., Ste. 108, Kansas City, Mo. 64110. 

GREATER LouIsvILLE RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Lovisville, Ky. 40202. Meets monthly. 

GREATER Miamı RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert F. Conti, Holy Cross 
Hosp., Fert Lauderdale, Fla. 33308. Meets monthly, third 
Wednesday at 8:00 P.M. at various member hospitals, 
Miami, Fla. 

GREATER Sr. Louis Society oF RADIOLOGISTS 
Secretary-Treasurer, Dr. Donald Callahan, Northland 
Med. Bldg., Jennings, Mo. 63136. 

Hawa R«p:0LocicAL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Robert L. May, Straub Clinic 
and Hos»., Honolulu, Hawaii 96813. Meets third Mon- 
day of each month at 7:30 P.M. 

HrearrH Paysics Society 
Secretary, Russell F. Cowing, P.O. Box 156, E. Wey- 
mouth, »fass. 02189. Annual Meeting. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Neill B. Longley, 6436 Fannin, Suite 601, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at 6:00 
P.M., at 103 Jesse H. Jones Library Building, Texas 
Medical Center, Houston, Tex. 77025. 

IpaHo State RapioLocicAL Society, CHAPTER OF ACR 
Secretar: - Treasurer, Dr. John H. Truksa, 1605 Park Ave., 
Nampa, Id. 83651. Meets in the spring and fall. 

Ittino1s F ApioLoGiCAL Society, Inc., CHAPTER OF ACR 
Secretar>, Dr. Robert D. Dooley, Hinsdale Med. Cen- 
ter, Hinsdale, Ill. 60521. Meets in the spring and fall. 

INDIANA EoentTGEN Society, Inc., CHAPTER oF ACR 
Secretar>, Dr. John A. Knote, 716 Carrolton Blvd., 
West Lafayette, Ind. 47906. 

Iowa Rapso.ocicaL Society, CHAPTER OF ACR 
Secretars- Treasurer, Dr. John Huston, Jr., 1948 First 
Ave., N.E., Cedar Rapids, Iowa 52402. Luncheon and 
business meeting during annual session of Iowa State 
Medica! Society. The scientific section is held in the 
autumn. 

Kansas RApIoLocicaL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Ralph H. Baehr, 310 Medical 
Arts Bldg., Topeka, Kan. 66604. Meets in spring with 
State Medical Society and in winter on call. 
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KENTUCKY CHAPTER or ACR 
Secretary- Treasurer, Dr. Bernard Sams, St. Joseph In- 
firmary, 735 Eastern Parkway, Louisvlle, Kv. 40217. 
Meets in April and September. 

KiNGs County RapioLocicar Society 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 3o, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:4: P.M. 

KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lonc Istanp RapioLocicar Society 
Secretary, Dr. Bruce Saxe, 1200 Stewart Ave., Garden 
City, N. Y. 11533. Meets monthly. 

Los ANGELEs RabDIOLoGIcaL SOCIETY 
Secretary, Dr. Isaac Sanders, 1429 Valley View Rd. 13, 
Glendale, Calif. 91202, Meets second Wednesday of 
month in September, November, January, April and 
June at Los Angeles County Medical Association Build- 
ing, Los Angeles, Calif. Midwinter Radiological Con- 
ference: Century Plaza Hotel, Los Angeles, Calif., 
Jan. 31-Feb. 2, 1975. 

Louisiana RaproLocicaL Sociery, CHAPTER or ACR 
Secretary-Treasurer, Dr. Roger H. Tutton, 1514 Jeffer- 
son Hwy., New Orleans, La. 70121. 

Louistana-TExas Gur Coast RapioLocicar Society 
Secretary-Treasurer, Dr. Edward A. Sheldon, 109 Doctors 
Bldg., Beaumont, Tex. 77701. 

Marne Rapnrorocicar Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Richard W. Taylor, Radiology 
Department, St. Mary’s General Hospital, Lewiston, 
aoe 04240. Meets in June, September, December and 
April. 

ManvLAND Rapiotocicat Society, CHAPTER oF ACR 
Secretary, Dr. David S. O'Brien, Anne Arundel Hosp., 
Annapolis, Md. 21401. 

MassAcHUsETTS RapioLocicaL Society, CHAPTER oF ACR 
Secretary, Dr. Joseph T. Ferrucci, Jr., Massachusetts 
Gen. Hosp., Boston, Mass. 02114. 

Mempuis RoENTGEN Society 
Secretary-Treasurer, Dr. Jerry C. Phillips, The Uni- 
versity of Tennessee College of Medicine, Department of 
Radiology, Walter C. Chandler Bldg., 865 Jefferson Ave., 
Memphis, Tenn. 38103. Meets first Monday Oct. through 
May at the University Club. 

Miami VALLEY RaprorogicAL Society 
Secretary, Dr. Bert Must, I.B.M. Bldg., Dayton, Ohio. 
Meets third Thursday of fall, winter and spring months 
at 7:30 p.M. at Miami Valley Hospital, Dayton, Ohio. 

MicuicAN RapioLocicaL Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Francis P. Shea, Harper Hos- 
pital, 3825 Brush St., Detroit, Mich. 48201. Meets 
monthly, first Thursday, October through May, at 
David Whitney House, 1010 Antietam, at 6:30 P.M. 

MicHiGAN Society or THERAPEUTIC RADIOLOGISTS 
Secretary-Treasurer, Dr. Delmar Mahrt, William Beau- 
mont Hosp., Detroit, Mich. 48072. Meets bi-monthly 
during the academic year. 

Mip-Hupson Rapio.ocicat Society 
Secretary- Treasurer, Dr. William D. Stiehm, 37 Flower 
Hill Rd., Poughkeepsie, N. Y. 12603. Meets 7:00 P.M., 
first Wednesday of each month, September to Mav. 

MiLwaAuKEE RoentceEn Ray Society 
Secretary-Treasurer, Dr. Thomas C. Lipscomb, 1004 
North Tenth St., Milwaukee, Wis. 53233. Meets monthly 
on te Monday, October through May, at University 

uD. 

Minnesora RapioLocicAL Sociery, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Harlan W. Hawkinson, 6 Buf- 
falo Rd., St. Paul, Minn. 55110. Meets twice annually, 
fall and winter. 
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MSS SrATE RapioLocicAL Socigrv, CHAPTER OF 

AC 
Secretar y- Treasurer, Dr. Edward L. Gieger, 969 Lake- 
land D-., Jackson, Miss. 39216. Meets third Thursday, 
excluding summer months, at the Primos Northgate 
Rest., Jackson at 6:30 P.M. 

Missourr RapioLocicaL Society, CHaprer or ACR 
Secretary-Treasurer, Dr. Ronald G. Evens, Mallinckrodt 
Institute of Radiology, «10 S. Kingshighway, St. Louis, 
Mo. 631 IC. 

Montana RapioLocicaL Socrery, CHAPTER or ACR 
Secretary, Dr. C. H. Agnew, Room 102, Doctors Bldg., 
Billmgs Mont. sgtot. 

NEBRASKA CHAPTER OF ACR 
Secretary- Treasurer, Dr. Robert Bodmer, Suite 622 Doc- 
tors Bdg., Omaha, Neb. 68131. Meets the third Wednes- 
day of the month, Oct. through March, at the Clarkson 
Hosp., Omaha, Neb. and the fourth Friday of April at 
the Lincoln Country Club, Lincoln, Neb. 

Nevaps hADIOLOGICAL Society, CHAPTER or ACR 
Secretar’, Dr. Charles F. Veverka, Carson Tahoe Hosp., 
Carson -ity, Nev. 89701. 

New Exc AND Roentcen Ray Society 
Secretar>, Dr. Melvin E. Clouse, 185 Pilgrim Rd., 
Boston, Mass. 02115. Meets the third Friday of each 
month, Jctober through April, excluding December, at 
The Loagwood Towers, 20 Chapel Street, Brookline, 
Mass. at 3:00 P.M. Annual Meeting: May 16, 1975. 

New ENczaNpD Society ror RADIATION ONCOLOGY 
Secretary, Dr. C. C. Wang, Mass. Gen. Hosp., Boston, 
Mass. G- 114. 

New HamrsuigE Roentgen Ray Socikrv, CHAPTER OF 
ACR 
Secretar- Treasurer, Dr. Edward P. Kane, Claremont 
Gen. Hosp., Claremont, N. H. 03743. Meets four to six 
times yearly. 

New Mexico Society or RapioLocisTs, CHAPTER or ACR 
Secretary, Dr. Carole R Simmons, Dept. of Radiol., Pres- 
byterian Hospital Center, Albuquerque, N. M. 87106. 
Four meetings annually, three held in Albuquerque, 
N. M., and one held at time and place of New Mexico 
State Medical Society annual meeting. 

New Orleans RapioLooicaL Society, Inc. 
Secretary-Treasurer, Dr. Jimmy L. Mains, P.O. Box 446, 
Gretna, La. 70053. Meets bimonthly at local restaurants 
selected by the President. Spring Conference. 

New Yoax RoENTGEN Society 
Secretary-Treasurer, Dr. Howard R. Gould, 153 West 
11th Street, New York, N. Y. roorr. Meets monthly on 
the 3rd Monday at the New York Academy of Medicine 
at 4:30 P.M. Annual Spring Conference, Waldorf-Astoria 
Hotel, New York, N. Y. Further information may be ob- 
tained from Dr. Albert A. Dunn, Roosevelt Hosp., New 
York, N. Y. 10019. 

New York Strate CHAPTER or ACR 
Secretary- Treasurer, Dr. Albert F. Keegan, 6 Secor Dr., 
Port Wash., N. Y. 11050. 

NoRTH American Society oF Cardiac RADIOLOGY 
Secretary- Treasurer, Dr. Erik Carlson, Univ. Calif., 
San Francisco, Calif. 94143. 

NortH CangoLiNA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Ernest B. Spangler, Wesley Long 
Hosp., Greensboro, N. C. 27402. Meets twice a year. The 
Spring Meeting is held at the time of the meeting of the 
North Ca-olina Medical Society. The Fall Meeting is held 
in November at the Mid Pines Club, Southern Pines, 
N.C. 

NonTH Dagora RapIoLoGicaL Society, CHAPTER OF ACR 
Secretary, Dr. Pablo Ramos, Box 1618, Bismarck, N. D. 
s8501. Meets at time of State Medical Association meet- 
ing. Other meetings arranged on call of the President. 

NortH FLozipa RADIOLOGICAL SOCIETY l 
Secretary, Dr. David F. Bew, University Hospital of 
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Jacksonville, 655 W. Eighth Street, P.O. Box 2751, 
Jacksonville, Fla. 32203. Meets quarterly im March, 
June, September and December. 

NORTHEASTERN OKLAHOMA RADIOLOGICAL SOCIERY 
Secretary-Treasurer, Dr. Theodore J. Brickner, Jr., $919 
S. Gary Place, Tulsa, Okla. 74110. 

NORTHEASTERN New York RaDIOLoGIcAL Socie*™ 
Secretary, Dr. Robert C. Friedman, 32: Presidential Way, 
Guilderland, N. Y. 12085. Meets in Albany area en third 
S of October, November, March, Avil, and 

ay. 

NeRTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary- Treasurer, Dr. James R. Eltringham, Stanford 
Medical Center, Stanford, Calif. 94304. Meets quarterly. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Mark D. Reiss, 5301 F Street, Sacramento, 
Calif. 95819. Meets on the fourth Monday of Sepz., Nov., 
am. March and May at the Mansion Inn, Saeramento, 

alif. 

NORTHWESTERN New York RapioLoGIcaL Society 
Secretary, Dr. Barbara E. Chick, Glens Falls Fespital, 
Glens Falls, N. Y. 12801. 

NORTHWESTERN Onuro RADIOLOGICAL SOCIETY 
Secretary, Dr. Doug Ki Cho, 2730 Navarre Ave., Oregon 
(Toledo), Ohio 43616. Meets 3rd Wednesday frem Sep- 
tember to May. 

Ounwo Strate RapioLoGIcaL Society, CHAPTER OF ALR 
Secretary, Dr. Tearle L. Meyer, 175 S. Merkle Rd., 
Columbus, Ohio 43215. 

um SrarTE RADIOLOGICAL Society, CHAPTER OF 
Secretary, Dr. George H. Ladd, 4616 Denison, Mus<ogee, 
Okla. 74401. Meets in January, May and October. 

Orance County RADIOLOGICAL SOCIETY 
Secretary, Dr. Marvin A. Rawitch, 600 E. Washington, 
Santa Ana, Calif. 92701. Meets on fourth Tuesday of the 
month, excluding June, July, August, and December, at 
to d County Medical Association Bldg., Ozange, 

if, 

Oreson State Rapio.ocicat Society, CHAPTER 07 ACR 
Secretary- Treasurer, Dr. Robert E. Craven, P.O. Box 
12542, Portland, Ore. 97212. Meets on second Weda-sday 
of month, October through April, at the University —lub, 
Portland, Ore. 

Orxveans ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hespital, 
New Orleans, La. 70113. Meets second Tuesday of each 
menth. 

P^crzic NortHWEst RADIOLOGICAL SOCIETY 
Serretary- Treasurer, Dr. Betty J. Wood, Dept. of Radiol., 
Vancouver General Hosp., Vancouver 9, B. C., C: rada. 
Annual Meeting. 

PENNSYLVANIA RADIOLOGICAL SoctETY, CHAPTER OF ACR 
Seeretary, Dr. Robert B. Funch, Germantown Hosp., 
Philadelphia, Pa. 19144. 

PHILADELPHIA ROENTGEN Ray Society 
Seeretary, Dr. Howard M. Pollack, Department of F adi- 
elogy, Episcopal Hospital, Philadelphia, Pa. :c12;. 
Meets first Thursday of each month at 5 P.M., from Ccto- 
ber to May in Thompson Hall, College of Physiciars. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Klaus M. Bron, Presbyterian-Univ. Hesp., 
Pittsburgh 15213. Meets second Wednesday of month, 
September through May, at the Pittsburgh Athletic As- 
seciation. 

RapraTion RESEARCH SOCIETY 
Executive Secretary, Richard J. Burk, Jr., 4211 39th St., 
N.W., Washington, D. C. 20016. Annual Meetng. 

RapioLocicaL Society or CONNECTICUT, INC., CH#Prer 
or ACR 
Secretary-Treasurer, Dr. Mehdi S. Eslami, 1389 W. Maiin 
St., Waterbury, Conn. 06708. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Alvin Nathan, c/o Academy of 
Medicine, 320 Broadway, Cincinnati, Ohio 45202. Meets 
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first Morday of each month at Cincinnati Academy of 
Medicine. 

RaproLocicAL Society or New Jersey, CHAPTER or ACR 
Secretary, Dr. Sidney Ketyer, St. Elizabeth Hosp., 225 
Williamsen St., Elizabeth, N. J. 07207. Meets in Atlantic 
City at time of State Medical Society meeting and in 
October cr November in Newark, N. J. 

RaDIOLoGIcat Society or RHopeE [sLAND, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Daniel J. Alves, Rhode Island 
Hosp., Providence, R. I. 02902. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary- l'reasurer, Dr. Marshall Rowen, Dept. Radiol., 
St. Josepn Hosp., 1100 Stewart Dr., Orange, Calif. 
92668. Meets three times a year, usually October, Febru- 
ary and May. 

RADIOLOGICAL SOCIETY OF THE STATE OF NEW YORK 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rocaester, N. Y. 14618. 

Repwoop EarinE RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Carter, 121 Sotoyome St., 
Santa Rosa, Calif. 95405. Meets second Monday every 
other mon-h. 

RicHMonp County RADIOLOGICAL SOCIETY 
Secretary, Or. Donald P. King, 218 Gun Club Rd., Rich- 
mond, Va. 23221. Meets first Thursday of each month at 
various hospitals. 

RocHEsTER ROENTGEN Ray Society, Rocuester, N. Y. 
Secretary-Treasurer, Dr. Robert J. Bruneau, 1441 Ea : 
Ave., Rochester, N. Y. 14610. Quarterly meetings on the 
call of the President, at the Rochester Academy of 
Medicine. 

Rockv Mourrain RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Lorenz R. Wurtzebach, 4200 E. 
Ninth Ave., Denver, Colo. 80220. Annual meeting: 
Brown Palece Hotel, Denver, Colo., Aug. 1975. 

San ANTONIOC-CiviLIAN MiLrranv RADIOLOGICAL SOCIETY 
Secretary, Dr. James R. Stewart, Oak Hills Medical Ctr., 
San Antono, Tex. 78209. Meets third Wednesday of 
each monta at Fort Sam Houston Officers Club at 
6:30 P.M. 

San Dieco RaprorocicaL SOCIETY 
President, Dr. Stanley G. Seat, 476 Prospect St., LaJolla, 
Calif. 920357. Meets the first Wednesday of each month at 
the Univers ty Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Charles A. Gooding, Univ. of 
Calif. Med. Ctr., San Francisco, Calif. 94122. 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, D-. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

SECTION ON RaproLocy, Mepicat Society or THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Albert M. Zelna, 21 Masters St., 
Potomac, Md. 20854. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 P.M. 

Section oF RepioLtocy, NATIONAL MEDICAL ASSOCIATION 
Chairman, Lr. Roy G. Brooks, Dept. Radiol., Veterans 
Adm. Hosp., P.O. Box 511, Tuskogee, Ala. 36083. Annual 
Meeting. 

SECTION ON RaproLocv, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr Mario A. Calonje, 1514 Jefferson Highway, 
New Orleans, La. 70121. Annual Meeting. 

Section ON RapioLocv, Texas MEDICAL ASSOCIATION 
Secretary, Dr George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumoat, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RaDIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

SOCIETY FoR PEDIATRIC RADIOLOGY 
Secretary-Treasurer, Dr. John P. Dorst, 601 N. Broad- 
way, Baltimore, Md. 21205. Annual meeting: Marriott 
Hotel, Atlanta, Ga., Sept. 28-29, 1975. 
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SOCIETY OF GASTROINTESTINAL RADIOLOGISTS 
Secretary-Treasurer, Dr. John R. Amberg, Vanderbilt 
University Hospital, Nashville, Tenn. 37232. 

Society oF NucLEAR MEDICINE 
Secretary, Dr. E. James Potchen, Edward Mallinckrodt 
Institute of Radiology, 660 S. Euclid Ave., St. Louis, 
Mo. 63110. Administrative Officer, Mrs. Margaret Glos, 
211 E. 43rd St., New York, N. Y. 10017. Annual Meeting. 

SoutH Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Callaghan, Redwood Med. Clinic, 
2900 Whipple Ave., Redwood City, Calif. 94062. Meets 
the 2nd Monday of each month at the Santa Clara 
County Medical Association Bldg., 700 Empey Way, 
San Jose, Calif. 

SoutH CaroLINA RADIOLOGICAL Society, CHAPTER or ACR 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SoutH Coast RaproLocicaL Society CHAprer or ACR 
Secretary-Treasurer, Dr. Richard T. Love, Santa Bar- 
bara Med. Clin., 215 Pesetas Lane, Santa Barbara, 
Calif. 93110. Meets fourth Tuesday of alternate months, 
Sept., Nov., Jan., March and May. 

SoutH Dakora RapiorocicaL Society, CHAPTER OF ACR 
Secretary, Dr. M. F. Petereit, 2416 S. Phillips, Sioux 
Falls, S. D. 57105. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN CALIFORNIA RADIATION THERAPY SOCIETY 
Secretary- Treasurer, Dr. Duane J. Gillum, 250 W. Pueblo 
St., Santa Barbara, Calif. 93105. Meets quarterly. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 7544, Mobile, Ala. 36607. Annual 
Meeting: Grand Hotel, Point Clear, Ala., January 31- 
February 2, 1975. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, 904 Chelsea, El Paso, Tex. 
Meets last Monday of each month at 6:30 P.M. in the 
Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SociETY, CHAPTER or ACR 
Secretary-Treasurer, Dr. Charles W. Kimsey, 111 White- 
hall Bldg., 960 E. Third St., Chattanooga, Tenn. 37403. 
Meets annually at the time and place of the Tennessee 
State Medical Association meeting. 

Texas State Rapiotocicar Society, CHAaprer or ACR 
Secretary, Dr. Francis E. O'Neill, 1128 Nix Prof. Bldg., 
San Antonio, Tex. 78205. 

THE FLEISCHNER SOCIETY 
Secretary, Dr. E. Robert Heitzman, State University o 
New York Upstate Medical Center, Syracuse, N. Y. 
13210. Annual Meeting: St. Francis Hotel, San Fran- 
cisco, Calif., May 28-31, 1975. 

Tri-STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 
Jan., March and May, 8:00 p.m., Elks Club in Evans- 
ville, Ind. 

Upper PENINSULA RADIOLOGICAL SOCIETY 
hagas Dr. A. Gonty, Menominee, Mich. Meets quar- 
terly. 

Uran Strate RADIOLOGICAL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Thomas K. Orton, St. Mark’s 
Hosp., Salt Lake City, Utah 84117. Meets fourth 
Wednesday in January, March, May, September and 
November at Holy Cross Hospital. 

Vermont RaproLocicaLt Society, CHAPTER OF ACR 
Secretary, Dr. J. Lorimer Holm, R.R. #3, Barre, Vt. 05641. 

VirGInIA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Charles P. Winkler, 3500 Ken- 
sington Ave., Suite 2-A, Richmond, Va. 23221. 

WasHINGTON, D. C., CHAPTER or ACR 
Secretary- Treasurer, Dr. Robert M. Allen, 9312 Convento 
Terr., Fairfax, Va. 22030. 
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WASHINGTON STATE RADIOLOGICAL Society, CHAPTER OF 
ACR 
Secretar?- Treasurer, Dr. John N. Roehr, 1011 Medical 
Dental 3ldg., Seattle, Wash. 98101. 

West Virsinta RADIOLOGICAL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Andrew W. Goodwin, II, 200 
Med. Arts Bldg., Charleston, W. Va. 25301. Meets con- 
currently with annual meeting of West Virginia State 
Medica Society, other meetings arranged by program 
committee. 

WESTCHESTER County RADIOLOGICAL SOCIETY 
Secretary, Dr. James O. Richardson, Jr., 280 Mamaronek 
Ave., White Plains, N. Y. 10605. Meets on second Tues- 
day of 'October, December, February and May. 

WiscoxksrN RADIOLOGICAL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Marvin L. Hinke, 630 S. Central 
Ave., Marshfield, Wis. 54449. Meets twice a year, May 
and September. 

Wisconsin SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secreta-y, Dr. Alvin Greenberg, Radiother. Ctr., Univ. 
Hospitals, Madison, Wisc. 53706. Meets quarterly. 

Wyomins RADIOLOGICAL Society, CHAPTER oF ACR 
Secretary, Dr. Ross J. Collie, Box 96, Lander, Wyo. 82520. 
Meets in fall with State Medical Society and in spring 
on call of President. 


Mexico, Puerto Rico AND CENTRAL AMERICA 


ASOCIACIÓN COSTARRICENSE DE RADIOLOGÍA 
Secretary, Dr. Rafael Umaña-Umaña, Apartado 8-5340, 
San José, Costa Rica. 

Asociacon DE HRapióLocos DE CENTRO AMERICA Y 
Panamá. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá 
Secretery-General, Dr. Francisco Miranbell Solis, Apar- 
tade 3352, San José, Costa Rica, Central America. Meets 
annually in a rotating manner in the six countries. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SocCIEDAD DE RADIOLOGÍA DE SALVADOR 
Secretary, Dr. Carlos Meijia, 5a Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9?. Calle A o-05, Zona 1, 
Guatemala 

SociEp*s np Mexicana DE RaproLocía, A.C. 

Coahuila No. 35, México 7, D.F., México. 
Secretary-General, Dr. Jorge Cano Coqui. Meets first 
Monzay of each month. 

SocreED4AD RADIOLOGICA PANAMEÑA 
Secresary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panana, R. de P. Meets monthly in a department of 
radie.ogy of a local hospital chosen at preceding meeting. 

SociepAD RaApioLócGicA DE Puerto Rico 
Secre*ary, Dr. Heriberto Pagan Sáez, Box 9387, Santurce, 
Puer-o Rico. Meets second Thursday of each month at 
8:00 P.M. at the Puerto Rico Medical Association Bldg. 
in San Juan. 


BritisH COMMONWEALTH OF NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF 
Qvr3EC 
121 Boul. Taschereau, Greenfield Park, P. Q., Canada. 
Meets four times a year. 

Britisa [NstiruTE oF RADIOLOGY 
Honorary Secretaries, D. H. Traspnell, M. Cohen, 32 
Welbeck St, London, W1M/7PG, England. 

CANACIAN ASSOCIATION OF Puysicists, Division or MED- 
ICAL AND BIoLoGIcaL Puysics 
Honorary Secretary- Treasurer, Dr. R. G. Baker, Ontario 
Cancer Foundation, Ottawa Civic Clinic, 1053 Carling 
Ave., Ottawa 3, Ont., Canada. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary, Dr. Ross O. Hill, Suite 806, 1440 St. 
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Catherine St. West, Montreal 107, Que., Canada. Annual 
Meeting: Toronto, Ont., May 11-16, 1975. 

EpMoNTON AND District RADIOLOGICAL SOCIETY 
Secretary, Dr. L. A. Koller, Suite 360, Professiona Bldg., 
10830 Jasper Ave., Edmonton 15, Alberta, Canada. 
Meets third Thursday of each month October te May, 
except December, at various Edmonton Hospitak. 

FAcuLTY or RADIOLOGISTS 
&lonorary Secretary, Robert Morrison, Lincolnes Inn 
Fields, London WC2A 3PN, England. 

MontreEAL RADIOLOGICAL Srupy CLUB 
Secretary, Dr. W. Paul Butt, Montreal General Hespital, 
Montreal, Que., Canada. Meets first Tuesday ewening, 
October to April. 

SEecrioN OF RapioLocv or THE Rovar Society or MEDI- 
cINE (ConFINED To MEDICAL MEMBERS) 

Meets third Friday each month at 8:15 p.m. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1 
M8AE, 1 England. 

SoaÉTÉ CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary-General, Dr. Hubert Sasseville, Verdun Hospi- 
tal, Montréal, P. Q., Canada. Meets every third Tuesday 
from October to April. 

Tur HosPrirAL Puysicists’ ASSOCIATION 
Honorary Secretary, J. B. Massey, B.Sc., Christie Hosp. 
and Holt Radium Institute, Physics Departmen, Wi- 
thington, Manchester M20 9BX, England. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Bosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

Tue Rovar AUSTRALASIAN COLLEGE OF RaprioLocris-s 
Honorary Secretary, Dr. T. P. Loneragan, 45 Maccuarie 
St, Sydney, N.S.W. 2000, Australia. 


SOUTH AMERICA 


Corzcio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Lauro de Abreu Coutinho, €aixa 
Postal 5984, São Paulo, Brazil. 

FEDERACIÓN ARGENTINA DE SOCIEDADES DE RADIGEDGIA 
Branches of the Federation are: Sociedad de Raciówogos 
de la Provincia de Córdoba; Sociedad Argentina dc Ra- 
diclogía; Asociación Argentina de Radiología; Sectedad 
de Radiología, Radioterapéutica y Medicina Nude=r de 
Rosario; Sociedad de Radiología y Medicina Nuclear del 
Centro y Sudeste de la Provincia de Buenos Aires (Mar 
del Plata); Sociedad Saltefia de Radiología y Med cina 
Nuclear; Sociedad de Radiología de Tucumán; Soa dad 
de Radiologia del Nordeste Argentino; Sociedad de Ra- 
vem de La Plata; and Sociedad de Radiología de San 

an 


Secretary-General-Treasurer, Dr. Roberto Habichayn_Av. 
Colón 637, Córdoba, Argentina. 
Congress will be organized by Sociedad de Radiotegia, 

Radioterapéutica y Medicina Nuclear de Rosario in 1975. 

SOCIEDAD ARGENTINA DE RADIOLOGÍA 
Secretary-General, Dr. Tomas J. Gutiérrez F, Sante Fé 
1171, Buenos Aires, Argentina. Meets first Wednesday 
eveaing, April through December. 

SocrEDAD BourviANA DE RADIOLOGÍA 
Secretary, Dr. Javier Prada Méndez, Casilla 1182, La 
Paz, Bolivia. Meets monthly. General assembly cace 
every two years. 

SoOcrtEPADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Caixa Postal 
1:32, Rio de Janeiro, Brazil. General Assembly meets 
ewery two years in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SocrzrAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. Manuel Neira, Casilla 13426, Santrago, 
Chile. Meets first Friday of each month at Av. Saita 
Maria 1810 at 7:00 P.M. 
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SocizDAD COLOMBIANA DE RADIOLOGÍA 
Secretary-General, Dr. Gustavo Sanchez Sanchez, Bogota, 
Colombia. Meets last Thursday of each month. 

SOCIEDAD EeuaToRIANA DE RADIOLOGÍA 
Secretary, Dr. Luis Blum, Casilla 3712, Guayaquil, Ecua- 
dor. 

SociEDAD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Hugo Volpe Rios, 15 de Agosto 322, 
Asuncion, Paraguay. 

SoclEDAD Peruana DE RADIOLOGÍA 
Secretary-Ceneral, Dra. Ladis Delpino, Av. General 
Santa Cruz No. 315, Miraflores, Lima, Perú, Casilla 
Correo, 2306, Lima, Perú. Meets monthly except during 
January, February, and March. 

SOCIEDAD DE RADIOLOGÍA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 741-110, Baran- 
quilla, Colcmbia. Society meets monthly at the Instituto 
de Radiologia. 

SOCIEDAD DE RADIOLOGÍA DEL NORDESTE ARGENTINO 
Secretary-General, Dr. Francisco J. Velar, Catamarca 561, 
Corrientes, Argentina. 

SociEDAD DE RapioLocíA DE La PLATA 
Secretary, Dr. Hiram D. Haurigot, Calle 50 No. 374, La 
Plata, Argentina. 

SoclEDAD pr RADIOLOGÍA, 
MÉDICA DEL URUGUAY 
Secretary-General, Dr. Manuel Gonzáles Maseda, Av. 
Agraciada 1464, piso 13, Montevideo, Uruguay. 

SociEDADE DE RADIOLOGIA DE PERNAMBUCO 
Secretary, Lr. Manoel Medeiros Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal sos, Pernambuco, Brazil. 

SOCIEDAD DE ROENTGENOLOGIA Y MEDICINA NUCLEAR DE 
LA PROVINC A DE CORDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Grl. 
Paz. 151, Cordoba, Argentina. 

SociEDAD DE RapIoLocia, RADIOTERAPEUTICA Y MEDICINA 
NUCLEAR DE Rosario 
Secretary-Geaeral, Dr. Federico Fragola, Santa Fe 1798, 
Rosario, Argentina. 

SociEDAD SALTENA DE RaproLocía Y MEDICINA NUCLEAR 
Treasurer, Dr. Julio Luis Baldi, Av. Sarmiento 536, Salta, 
Argentina. 

SociEbAD VENEZOLANA DE RapioLocíA v Mepicina Nu- 
CLEAR 
Secretary-Ger eral, Dr. Salvador Itriago Borgas, Apartado 
Postal 9213. Candelaria, Caracas, Venezuela. Meets 
monthly, thd Friday at Colegio Médico del Distrito 
Federal, Caracas. 


CaNcEROLOGÍA Y  FísicA 


CONTINENTAL EUROPE 


ÖSTERREICHISCHE RÖNTGEN-GESELLSCHAFT 
Secretary, Dr. Ernst Kotcher, Wiener Allgemeine Poli- 
klinik Mariamnengasse 10, A-1090 Wien, Austria. Meets 
second Tuesday of each month in Allgemeine Poliklinik. 

Societe RoyaLz BELGE DE RADIOLOGIE 
General Secre:ary, Dr. Joseph Baeyens, Alost, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

SociETE EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Secretary, Dr. J. Corbaton, Clinica Infantil “La Paz,” 
Av. Generalissimo, 117 Madrid 34, Spain. Annual Meet- 
ing: Madrid, Apr. 24-26, 1975. 

Permanent Secretary, Clément Fauré, Hópital des Enfants 
Malades, 149, “ue de Sévres, 75 730, Paris Cadet 15, France. 

SociÉTÉ FRANÇAISE DE RADIOLOGIE MÉDICALE, MÉDECINE 
NUCLÉAIRE ET EES, and its branches: Soci- 
ÉTÉ DU SUD-OUEST, DU LITTORAL MÉDITERRANÉEN, DU 
CENTRE ET Lronnats, DU NORD, DE L'OUEST, DE L'Esr, 
pu Massir CENTRAL, D'OUTRE-MER ET D' ETRANGER. 
Parent Society meets third Monday of each month, ex- 
cept during Jaly, August and September, rue de Seine 
12, Paris, Framce. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 
75008, France. 
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SoclETE FRANCAISE DE NEURORADIOLOGIE 
Secretary-General, Professeur agr. R. Djindjian 16, rue 
de l'Université 75, Paris 7°, France. Annual meeting. 

CEsKOSLOVENSKA RADIOLOGICKA SPOLEČNOST 
Secretary, Associate Professor Jaromir Kolár, M.D., 
Sc.D., Radiological Clinic, Praha 2, U nemocnice 2, 
Czechoslovakia. Meets monthly except during July, 
August and September. Annual general meeting. 

DEUTSCHE RONTGENGESELLSCHAFT 
President, Professor Dr. med. Walter Frommhold, Di- 
rector of Medizinisches Strahleninstitut der Universitat 
Tübingen, Róntgenweg 11, 7400 Tübingen, Germany. 

Facu._ty or RapnrioLocisrs OF THE RoyaL COLLEGE OF 
SURGEONS IN IRELAND 
Honor. Secretary, Max. J. Ryan, St. Stephen’s Green, 
Dublin 2. Annual Meeting, Oct. 25 and 26, 1974. 

SocigTÀ ITALIANA DI RapioLtocia Mepica E MEDICINA 
NUCLEARE 
Administrative Secretary, Prof. E. Conte, Ospedale 
Mauriziano, 10128 Torino, Italy. Meets annually. 

SociEgrAs RADi0LoGicA DANICA 
Secretary, Dr. Bent Langenfeldt, Tretommervej 20a, DK. 
8240 Risskov, Denmark. 

NEDERLANDSE VERENIGING VOOR RADIOLOGIE 
Secretary, Dr. J. D. Mulder, Dept. of Rad., Akademisch 
Ziekenhuis, Leiden, Netherlands. 

SCANDINAVIAN RADIOLOGICAL SOCIETY 
Secretary-General, Professor C. F. Unnérus, M.D., Haga- 
lung-lapiola, Havsvindsvagn 5 C., Finland. Annual 
Meeting. 

SocieDAD EspaANoLta DE RaprioLocGía v ELEcTROLOG{A 
MÉDICAS Y DE MEDICINA NUCLEAR 
Secretary, Dr. José Bonmati, Villanueva, 11, Madrid 1, 
Espafia. Meets every second Friday of each month, Oct. 
to June, inclusive, in Madrid. 

SociEbaApE PorruGuEsA DE RapioLociA E MEDICINA 
NUCLEAR 
Secretary-General, Dr. Luís Aires de Sousa, Av. Elias 
Garcia, 123- 1, Esg.-Lisboa i-Portugal. 

SCHWEIZERISCHE VEREINIGUNG FUR RaprioLocig, Nu- 
KLEARMEDIZIN UND STRAHLENBIOLOGIE (ASSOCIATION 
SuissE DE RADIOLOGIE, MÉDECINE NUCLÉAIRE ET DE 
RADIOBIOLOGIE) 


Society Proceed ngs 


NOVEMBER, 1974 


Secratar-, Dr. med. Gustav Schoch, Bethesdaspital, Gel- 
lerst-zss 144, 4000 Basel, Switzerland. 


ASIA 


INpiar RaproLoGicAL AssoCIATION 
Horm-. Gen. Secretary, Dr. S. P. Aggarwa!, 10-B Kasturba 
Ghand: Marg, New Delhi 110001. 28th Indian Congress of 
Rad: elogy will be held in Hyderabad in 1975. 
INpoNesiaN RADIOLOGICAL SOCIETY 
Secriary, Dr. Gani Iljas Sasmitaatmadja, Radiology 
Deg.. Faculty of Medicine, University of Indonesia, 
* Salenba 6, Jakarta, Indonesia. 
TRANIAW RADIOLOGICAL SOCIETY 
Secxeary, Dr. Majid Rooholamini, P.O. Box No. 14-1151, 
Teheran, Iran. The Society meets on the second Satur- 
day of each month. sth Iranian Congress of Radiology, 
Apr. 1217, 1975. Deadline for acceptance of papers, Jan. 
20, 1975. 
Isra RADIOLOGICAL SOCIETY 
Sec-eta-y, Dr. M. A. Lerner, Hesharon Hosp., Petah- 
Tigva, Israel. Nineteenth National Radiology Congress: 
TeLAviv, Israel, Nov. 6-8, 1974. 
PHILP! VE COLLEGE or RADIOLOGY 
Secctary- Treasurer, Dr. Eduardo V. Nievera, Box 1284 
Com mercial Center, Makati, Rizal D-708, Philippines. 
Meets every second Thursday of the month. 
RADDLeGICAL Society or THAILAND 
Seertzry, Prof. Rojana Suvansuthi, M.D., Ph.D., 
Decar-. of Rad., Sirizaj Hospital, Faculty of Medicine, 
M :hicol University, Bangkok 7, Thailand. 


AFRICA 


Asscci4ATION OF RapioLocisTs or West AFRICA 
Herorary Secretary, C. A. Beetlestone, M.B., B.S., 
DM.R.D., Dept. Radiol., University College Hosp., 
Ibadan, Nigeria. 

RAD#*CLOGICAL SOCIETY OF SOUTH AFRICA 
Seretary, Dr. B. Rosenberg, P.O. Box 3200, Johannes- 
burz, South Africa. 

Sou~m AFRICAN INTERNATIONAL RADIOLOGICAL CONGRESS 
Derecor, Dr. Paul Sneider, P.O. Box 4878, Johannesburg, 
Sett Africa. 
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ROENTGEN DIAGNOSIS 
Heap 


Briccs, MicHAEL. Traumatic pneumocephalus. 
Brit. F. Surg., April, 1974, 67, 307-312. (Ad- 
dress: Regional Neurosurgical Unit, Brook 
General Hospital, London SE18, England.) 


The presentation and management of 33 patients 
with traumatic pneumocephalus have been analyzed 
and 2 main groups recognized. The first consisted of 
12 patients who developed an intracerebral aerocele, 
the onset of which was delayed for up to :2 days 
from the time of injury. These patients presented 
with signs of raised intracranial pressure which re- 
quired urgent surgical treatment. 

The intracranial air in the second group was situ- 
ated in the subdural or subarachnoid spaces and was 
usually visible on the first roentgenogram taken 
after injury. Adequate early prophylactic antibiotic 
treatment against meningitis was of great impor- 
tance to these patients, who did not all require 
surgical intervention. 

The association between traumatic pneumocepha- 
lus and fractures of the frontal and facial bones 
should lead to the careful scrutiny of the roentgeno- 
grams of patients with these injuries for evidence of 
air in the subarachnoid or subdural spaces.—‘fokn H. 
Harris, M.D. ` 


BERNSTEIN, JOEL, and Horrer, PauL B. Use of 
the delayed brain scan in differentiating cal- 
varial from cerebral lesions. 7. Nuclear Med., 
Aug., 1974, 75, 681-684. (Address: Paul B. 
Hoffer, M.D., University of Chicago, De- 
partment of Radiology, 950 E. 59th Street, 
Chicago, Ill. 60637.) 


Ninety-two sequential positive brain scans on 69 
patients were reviewed; 12 mc Tc??* pertechnetate 
was given and scans were obtained immediately and 
repeated in 3 to 4 hours. The relative activity in the 
lesion was compared with the radioactivity in the 
rim or periphery which represents primarily the 
extracellular fluid space of the skull and scalp with a 
minor vascular component. 

A total of 100 lesions were found in the 92 scans: 
34 lesions were calvarial, and 66 were intracranial; 22 
of the calvarial lesions showed a decreased activity 
on the delayed scan, 4 showed increased activity and 
8 were unchanged. The 4 lesions showing increased 
activity on the delayed scan included 2 cases of 
metastases, a surgical bone flap and Paget's disease 
of the skull. 

Fifty-five intracranial lesions showed an increased 
activity on the delayed scan, whereas 5 had de- 
creased activity and 6 were unchanged. Three of the 
5 lesions which showed decreased activity or the 
delayed scan were arteriovenous malformations. The 
other 2 cases were I acoustic neuroma and 1 cranio- 
pharyngioma. 

If the lesion showed decreased activity on the de- 
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layed scan, it was calvarial in 82 per cent of the cases. 
If the lesion showed increased activity on the de- 
layed scan, it was intracranial in 93 per cent of the 
cases. Lesions showing no change in radioactivity 
were almost equally divided between the calvarial 
and intracranial sites. 

The combination of early and delayed scans is of 
value in the determination of the location of a lesion 
in the brain scan.—Charles W. Cooley, M.D. 


Porrer, Guy D. Radiologic assessment of the 
facial nerve. Ofolaryng. Clin. North America, 
1974, 7, 343-355. (From: Columbia-Presby- 
terian Medical Center, 622 West 168th 
Street, New York, N. Y. 10032.) 


The area through which the facial nerve runs can 
be seen in the conventional radiographic views—the 
posteroanterior, Towne, Stenvers, and Schiller pro- 
jections. However, the actual course of the facial 
nerve can be demonstrated only on tomograms. 
Therefore, tomographic examination of the ears 
should be performed in patients with facial palsy. 

The coronal and lateral tomographic projections 
should be used for adequate visualization of the in- 
ternal auditory canal. 

Twenty degree oblique tomograms should be ob- 
tained for visualization of the first knee of the facial 
nerve canal and the horizontal portion of the facial 
nerve canal. 

Lateral tomograms should be employed for 
visualization of the vertical portion of the facial 
nerve canal.—E. Frederick Lang, M.D. 


NECK AND CHEST 


Rosen, Irvinc B., Warrisu, Paur G., and 
MiskiN, Murray. The use of B mode ultra- 
sonography in changing indications for thy- 
roid operations. Surg., Gynec. © Obst., Aug., 
1974, 739, 193-197. (From: Departments of 
Surgery, Medicine, and Radiological Sciences, 
Mount Sinai Hospital and The University of 
Toronto Medical School, Toronto, Ontario, 


Canada.) 


The solitary thyroid nodule, which does not con- 
centrate radioactive iodine or which is hypofunction- 
ing, is a major concern to the clinician because this 
type of nodule presents the greatest risk of malig- 
nancy. Since 20 per cent of such nodules are cysts, 
and are rarely associated with malignancy, their 
excision does not appear to be indicated. Conserva- 
tive management of this group includes needle as- 
piration and careful follow-up study. In the other 80 
per cent more aggressive treatment 1s proper. 

In an attempt to differentiate patients into 2 
groups, only : of which should be treated aggres- 
sively, 215 patients with enlarged thyroid glands 
were evaluated during an 18 month period. Of these, 
112 were found to have dominant or solitary nodules 
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and clinically and biochemically proved euthyroid- 
ism. A nonfunctioning or hypofunctioning nodule 
was present in 100 of these as shown by radioscinti- 
scanning, and of these, the 77 in whom there was 
laboratory confirmation of histologic type form the 
basis of this report. 

Six errors were made in predicting the type of 
lesion found by pathologic examination, and in none 
of these 6 did the sonographic prediction result in 
adverse influence on patient management. The re- 
liability rate by ultrasonography is thus 92 per cent. 
The difficulties which were encountered arose in the 
identification of a small cyst or a mixed solid and 
cystic lesion. The transducer used in this study did 
not resolve echoes in volumes less than 1 cm. in 
diameter, and, furthermore, loculated cysts appeared 
solid. Thus, the errors are all false positives, and no 
neoplasm went undiscovered. The ability of ultra- 
sound to discriminate cystic and solid lesions per- 
mits intelligent, conservative treatment of the cysts 
thus found. 

The examination is carried out without patient 
discomfort and can be repeated without side effects. 
This noninvasive method requires approximately 15 
minutes and provides information not otherwise ac- 
cessible by clinical or isotope methods. Since there is 
no radiation hazard, it is available to pregnant and 
pediatric patients.—E. Frederick Lang, M.D. 


STRUTYNSKY, NATALIE, BALTHAZAR, EMIL J., 
and Kiein, Ropert M. Inflammatory pseu- 
dotumours of the lung. Brit. F. Radiol., Feb., 
1974, 47, 94-96. (From: Department of 
Radiology, New York Medical College, and 
Flower and Fifth Avenue Hospital, New 
York, N.Y.) 


The designation inflammatory pseudotumor of the 
lung indicates a benign lesion which may have a 
varied histologic appearance. 

Morphologically it simulates a true tumor. Histo- 
logically it contains inflammatory cells with mature 
fibroblastic components and remnants of pre-existing 
parenchyma in a mass with a striking lack of mitoses. 

Clinically, it often suggests a diagnosis of neo- 
plasm or tuberculosis. 

It is predominantly composed of fibroblasts, histio- 
cytes, and plasma cells. In various lesions all phases 
of vascular proliferation may be found. These tumors 
have been called sclerosing hemangiomas of lung, 
xanthomas, xanthogranulomas, histiocytomas, plas- 
ma cell tumors, and postinflammatory tumors. All of 
these terms probably represent the same lesion, the 
difference being in the dominant cellular component. 

They may be solitary or multiple, vary between 1 
and 8 cm. in diameter, and are sharply delineated, 
without associated pleural changes. Fifty per cent of 
them are detected in asymptomatic patients. 

Two patients are reported in detail. One patient 
was a 32 year old male seen 12 years after open lung 
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biopsy at which time a diagnosis of Wegener's 
granulomatosis was made. This diagnosis, made else- 
where, was not substantiated. Examination of his 
chest showed multiple bilateral pulmonary nodules 
with confuent nodules on the left and sparing of the 
basal segments. The differential diagnosis included 
pulmorary metastases, sarcoid, Hodgkin’s disease, 
tuberculesis, fungal infection and pneumoconiosis. 
An open lung biopsy disclosed a well encapsulated 
pulmonary tumor, which contained a predominance 
of plasma cells, with mature fibroblasts, histiocytes 
and vascular elements. This was classified as a 
hyalinwed plasma cell granuloma, an inflammatory 
pseudctumor. 

A second patient, a 30 year old male, also asymp- 
tomatic, was investigated because of an abnormal 
chest roentgenogram. The original study suggested 
right upper lobe pneumonia, but tomography showed 
2 well cefined masses which subsequently, under 
antibietic treatment, became larger and coalesced. 
A thoracotomy and lung biopsy were carried out. 
The lesion was composed of alveolar spaces com- 
pletely cbliterated by an infiltrate of polymorphonu- 
clear leukocytes, lymphoid cells, plasma cells, 
epitheicid cells, and histiocytes. The pathologic di- 
agnos:s was lymphoid granuloma of lung, an inflam- 
matory pseudotumor. 

In pazients with this lesion, the prognosis is excel- 
lent ind excision results in permanent cure.— 


E. Frederick Lang, M.D. 


Rossa, NicHoLas P., and GOPLERUD, CLIFFORD 
P. Recurrent catamenial pneumothorax. 
A.M.A. Arch. Surg., Aug., 1974, 709, 173- 
175. (Address: Nicholas P. Rossi, M.D., 
Division. of Thoracic and Cardiovascular 
Surgery, Department of Surgery, University 
Hespitals and Clinics, Iowa City, lowa 
52242.) 


The authors report 6 cases of catamenial pneumo- 
thorzx and review the literature. 

Catamenial pneumothorax involves the associa- 
tion of pneumothorax with menstruation. The pa- 
tient complains of chest pain which occurs only with 
or just before the onset of the menses. Typically, the 
patient is in the same age group in which endometri- 
osis s frequently diagnosed and the symptoms are 
almcst always on the right side of the chest. 

The etiology is unclear and many theories have 
been proposed including endometriosis, diaphrag- 
matic rents, and hormonal factors. 

Tae authors suggest that this condition represents 
a ncrmal or an exaggerated pulmonary response to 
menst-uation and may relate to increased prosta- 
glandin (prostaglandin F» tromethamine) levels in 
the serum and the menstrual fluid. They postulate 
an altered bronchial epithelium which is the source 
for «he air. The fact that anovulatory agents reduce 
the »rostagladin levels and also prevent the recurrent 
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pneumothorax in many cases support the authors’ 


theory.—Daniel P. Link, M.D. 


Homan, B. LEONARD, Lescu, MICHAEL, ZWEI- 
MAN, FRANKLIN G., TEMTE, JoHN, Lown, 
BERNARD, and Gor.in, RicHanp. Detection 
and sizing of acute myocardial infarets with 
9mTc (Sn) tetracycline. New England F. 
Med., July, 1974, 297, 159-163. (Address: B. 
Leonard Holman, M.D., Departmen: of Ra- 
diology, Harvard Medical School, 2: Shat- 
tuck Street, Boston, Mass. 02115.) 


Twenty-one patients suspected of myocardial in- 
farct were studied in the coronary care unt. Eight 
patients without evidence of ischemic heart disease 
served as a control population. 

Twenty millicuries of technetium (Sn) tetracycline 
was administered intravenously and imaging per- 
formed using a scintillation camera 24 hours after 
injection. Patients in the coronary care umit were 
examined 24 to 72 hours after the onset of symptoms. 

To differentiate cardiac activity from that in the 
liver, spleen and stomach, selected patients had 
technetium pertechnetate and/or technetium sulfur 
colloid administered intravenously after the tetra- 
cycline images were obtained. Fourteen patients had 
evidence of acute myocardial infarction by serial 
enzyme determination, electrocardiography, etc., 
(1o transmural, 4 intramural). Five additional pa- 
tients had equivocal evidence of infarction, 1 had 
recurrent arrythmias without infarction and the re- 
maining 8 patients had no evidence of -oronary 
artery disease. Focal myocardial concentration of 
technetium Sn tetracycline was present m all 14 
patients with acute infarction. Two of the 5 patients 
with equivocal evidence of infarction had focal myo- 
cardial concentration of tracer. Scintigrashy was 
normal in all 8 patients without evidence of -oronary 
disease and in the patient with recurrent arrythmia. 

Images obtained earlier than 24 hours :ellowing 
tracer administration were unsatisfactory dae to the 
high blood level, which did not permit accurate 
separation of cardiac blood pool from the area of 
damaged myocardium. 

In the 14 patients with documented acute infarc- 
tion, there was a good correlation between the elec- 
trocardiographic site of myocardial damage and the 
location of increased tracer concentration on scinti- 
grams. A comparison in the size of infarct as judged 
by maximum serum CPK and the size of the infarct 
by scintigraphy showed a linear relationsh;p with a 
correlation coefficient of r—0.85. The intensity of 
infarct activity was evaluated as a function of time 
from onset of initial symptoms, and appeared maxi- 
mum between the first and fourth day ‘®llowing 
onset of symptoms. 

This study demonstrates the feasibility cf detect- 
ing acutely infarcted myocardium with a radiotracer 
that is selectively sequestered by microbic tissue.— 


H. William Strauss, M.D. 
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ABDOMEN 


Spanos, Panayiotis K., Simmons, Ricuarp L., 
RarrAazzi, Luca C., KJELLSTRAND, Cart M., 
BusELMEIER, THEODORE J., and NajarRIAN, 
Joun S. Peptic ulcer disease in the trans- 
plant recipient. 4.M.4. Arch. Surg., Aug., 
1974, 709, 193-197. (Address: Richard L. 
Simmons, M.D., University of Minnesota 
Hospitals, Box 185, Minneapolis, Minn. 
$5455.) 


Management of peptic ulcer disease in renal trans- 
plant patients was reviewed in 377 patients at the 
University of Minnesota hospitals. Bleeding in the 
post-transplant period is a serious and many times 
lethal complication which occurs in about Io per cent 
of transplant patients. Uremia patients show an in- 
crease in acid production and an increase in gastrin 
secretion. The coagulopathy of uremia, the intermit- 
tent anticoagulation required for dialysis, and hyper- 
parathyroidism all contribute to the bleeding prob- 
lems in the post-transplant period. 

The authors strongly recommend aggressive pro- 
phylaxis for ulcer disease in the pre-transplant 
period. Prophylactic operations include: truncal 
vagotomy and pyloroplasty (V and P); vagotomy 
and antrectomy (V and A); vagotomy and pyloro- 
plasty with hiatal hernia repair; and selective 
vagotomy and pyloroplasty. Twenty patients had 
ulcer history and V and P operations and only 5$ of 
these patients bled in the postoperation period. Only 
a few patients in this series received a V and A pro- 
cedure, but none of these patients had bleeding in 
the post-transplant period. 

The authors realize that the information on this 
subject is incomplete and that the correct approach 
is unclear. However, they feel that planned pre- 
transplant prophylaxis can significantly reduce the 
incidence of post-transplant bleeding. They recom- 
mend antrectomy and vagotomy for patients with 
evidence of peptic disease on upper gastrointestinal 
examination or gastroscopy, and a V and P opera- 
tion is recommended for patients with historical 


evidence only.—Danie/ P. Link, M.D. 


MowNNiER, J. P., Bricor, J. M., CHERMET, J., 
and Fracoas, M. Les hématomes intra- 
pariétaux du gréle. (Intraparietal hematomas 
of the small intestine.) F. de radiol., d'électrol. 
et de méd. nucléaire, March, 1974, 55, 217- 
222. (Address: Dr. J. P. Monnier, Service du 
Pr. Chirurgie, C.H.U. Saint-Antoine, 184, rue 
du Faubourg-Saint-Antoine, F 75012, Paris, 
France.) 


Intraparietal small intestinal hematoma may be 
due to lowered coagulability of the blood. This may 
be spontaneous or the result of anticoagulant cou- 
marin medication; less often, it may be due to 
hemophilia. 
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The clinical history may be ill defined and not re- 
vealing, while the radiologic findings are striking and 
can be readily demonstrated by barium motor meal 
studies. 

The authors report 4 cases, 3 following coumarin 
anticoagulant treatment and 1 due to hemophilia. 

The clinical manifestations are not characteristic 
and suggest progressive intestinal obstruction: 
nausea, vomiting, colicky abdominal pain, and 
distention. 

The differential diagnosis includes acute pancre- 
atitis, mesenteric infarction and, less likely, abdomi- 
nal manifestations and myocardial infarction. 

Signs and symptoms related to the use of antico- 
agulants are due to the associated hemorrhage— 
ecchymosis, epistaxis, gingival bleeding, hematuria, 
and gastrointestinal hemorrhage. 

Submucous hemorrhage, infiltrating into the mus- 
cularis assumes a circular pattern with retraction and 
narrowing of the intestinal lumen, while the mucosa 
remains intact. The hematomas may be 10-30 cm. 
long. The jejunum is involved in 75 per cent of the 
cases, and the clinical picture becomes that of pro- 
gressive jejunal obstruction. 

A barium meal examination is indispensable for 
localizing the involved area as well as the site of 
hemorrhage. Barium studies reveal considerable 
narrowing of the involved segment of the small in- 
testines with sharply demarcated proximal dilatation 
and gaseous distention. 

Patients with pre-existing gastric or duodenal 
lesions are likely to bleed during a course of anti- 
coagulant therapy. 

The mucosal folds are thickened, the valvulae 
conniventes are irregular and enlarged. Although 
the mucosa remains intact, and does not ulcerate, 
the mucosal folds flatten and disappear. 

The radiologically demonstrated changes disap- 
pear in 3-4 weeks after discontinuation of the anti- 


coagulant therapy.—JZ;lliam H. Shehadi, M.D. 


Bartes, T., and Kaminsky, V. Diverticulitis and 
ulcerative colitis. Brit. T. Surg., April, 1974, 
6r, 293-296. (Address: Dr. T. Bates, Depart- 
ment of Surgery, Guy's Hospital, London 
SE:1, England.) 


Four patients are described who had long-standing 
sigmoid diverticulitis in association with fulminating 
ulcerative colitis. Three of the 4 patients died follow- 
ing surgical therapy. 

It is suggested by the authors that sigmoidoscopy 
should be performed prior to the emergency surgery 
for the sigmoid diverticulitis. This would alert the 
physician to the presence of ulcerative colitis in 
association with the sigmoid diverticulitis, thus al- 
lowing more appropriate management.— Yohn H. 


Harris, M.D. 


MARTINEZ, Luis O., and Raskin, Micnua Er M. 
Fat under diaphragm simulating pneumo- 
peritoneum. Brit. J. Radiol., June, 1974, 47, 
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308-309. (From: Department of Radiology, 
Mount Sinai Medical Center, Miami Beach, 
Flor:da, and the University of Miami School 
of Medicine, Miami, Fla.) 


Free air in the peritoneal space can usually be 
demonstrated as a lucent defect below either the 
right or left diaphragm leaf, or both, when the pa- 
tient is upright. A layer of fat between the perito- 
neum and the diaphragm can simulate a small 
amount of free air when the patient is upright. The 
lucency due to the fat, when shown by a tangential 
beam, wil persist with change in position of the 
patient. and is visible when the patient is supine. 
This wi | differentiate fat from free air. Observations 
in cadave-s disclose that in some there is an accumu- 
lation of fat between the diaphragm and peritoneum 
which probably explains this phenomenon, particu- 
larly sirce extraperitoneal fat is almost always visible 
in the fanks. 

A grcup of 7 patients is presented, none of whom 
was obese or receiving steroids. Two were followed 
for a period of 1 year because they had presented 
with symptoms suggesting acute abdominal disease. 
The lucercy which was subsequently proved not to 
be air was almost always visible under the left 
diaphrazm, under either the highest portion of the 
dome or slightly medial to it. One of the 7 had bi- 
lateral lucent defects and in another it was only on 
the right side. 

Wher cae crescentic lucent defect is seen under the 
diaphrazm in both upright and recumbent roentgen- 
ograms, tie diagnosis of pneumoperitoneum is un- 
likely, as the defect is probably due to fat.— 
E. Fredrick Lang, M.D. 


CoursorriDES, THEODORE, and HERMANN, 
RoszaT E. Nonparasitic cysts of the liver. 
Surg., Gynec. & Obst., June, 1974, 736, 906- 
gto. (From: Department of General Sur- 
gery. The Cleveland Clinic Foundation, and 
The Cleveland Clinic Educational Founda- 
tion, Cleveland, Ohio.) 

Ten patients ranging in age from 5$ days to 74 
years w th nonparasitic cysts of the liver were eval- 
uated wth physical examination, complete blood 
cell count, electrolyte, liver function tests, chest 
roentgenezraphy, intravenous pylography and liver 
scanninz. Eight of the 10 patients presented with 
increased abdominal girth. Hepatomegaly was in- 
variably ‘ound on physical examination. Routine 
laboratory studies were normal with the exception of 
I patiert, who was anemic due to bleeding. 

The chest roentgenogram revealed elevation of the 
right hemidiaphragm without pleural effusion. Only 
I patiert had evidence of calcification in the right 
upper qaadrant. Liver scans were abnormal in 7 of 8 
patients s1owing single or multiple lesions. A single 
"false negative” scan was found in the 5 day infant. 
Selective angiographic procedures were performed in 
7 patierts. All were abnormal. 


Vot. 122, No. 3 


Treatment included total and partial excision of 
the cyst, unroofing of the cyst and drainage nto the 
peritoneal cavity as well as drainage into a defunc- 
tionalized jejunal segment. 

The long term prognosis in regard to liver fanction 
in patients with cyst of the liver is good and re- 
peated efforts to drain or decompress the cystic liver 
are worthwhile.—H. William Strauss, M.D. 


Licuory, C., Gouverou, H., Cuavy, A., Cor- 
FIN, J. C., and Hucurier, M. Endoscopic 
retrograde cholangiopancreatography. Brit. 
7. Surg., May, 1974, 67, 359-362. (Address: 
Professeur-Agrégé M.  Huguier, Hôpital 
Rothschild, 43, Boulevard de Picpus, 75012 
Paris, France.) 


Direct nonoperative injection of radiopaque ma- 
ter:al through a cannula introduced at the ducdenal 
papilla by means of a fiberoptic duodencscope 
achieved opacification of the bile ducts, the pan- 
creatic duct or the entire biliary pancreatic cuctal 
system in 392 (89 per cent) of 439 patients in whom 
it was attempted. The desired ducts were opacified 
in 7$ per cent of cases; the bile ducts in 206 cut of 
278: and the pancreatic duct in 120 out of 161 cases. 

The anatomic conditions found were: lonz com- 
mon biliary pancreatic channel, 30 per cent; short 
common biliary pancreatic channel, 28 per ceat; 2 
orifices in the hepatopancreatic ampulla, 24 per cent; 
2 orfices on the duodenal papilla, 18 per cert; 2 
orifices on the duodenum, there being no papilla. less 
than 1 per cent. Morbidity resulting from the pro- 
cedure consisted of infectious reactions in 20 owt of 
29: patients in whom the bile ducts were opac fied 
and hyperamylasemia and abdominal pain in 28 out 
of 300 patients in whom the pancreatic duct was 
opacified. 

The method is of value in diagnosing the cause of 
cholestatic jaundice. In nonjaundiced subjects it may 
complement or clarify inconclusive cholangiograms 
or cholecystograms obtained by other techniques. 
If it snows dilated bile ducts, operation should not be 
delayed, otherwise there is a risk of cholangitis. 

Pancreatic carcinoma may be revealed by stenosis, 
partal or total, of the pancreatic duct or by &ll ng 
defects in the pancreatic parenchyma. Both chronic 
panereatitis and pancreatic carcinoma may cause 
partial stenosis of the pancreatic duct. A filiform ap- 
pearance of the pancreatic duct suggests chroaic 
pancreatitis.—7ohz H. Harris, M.D. 


SuGawA, CHoIcHI, Raour, Razia, BRADLEY, 
VorkER, WestreicH, Mervyn, Lucas, 
Cu^RLEs E., and Watt, ALEXANDER J. 
Peroral endoscopic cholangiography and 
pancreatography: the  surgeon's helper. 
A.M.A. Arch. Surg., Aug., 1974, 709, 231— 
237. (Address: Choichi Sugawa, M.D., De- 
partment of Surgery, Wayne State Univer 
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sity, 540 Canfield Avenue, Detroit, Mich. 
48201.) 


Peroral cannulation of the ampulla of Vater with 
retrograde cholangiography and pancreatography 
(ERCP) provides an additional method of visualizing 
the biliary and pancreatic ducts. ERCP is especially 
useful in the jaundiced patient of undetermined 
cause, the patient with unexplained biliary colic, the 
patient with postcholecystectomy syndrome, and in 
patients with suspected pancreatic disease. In the 
authors’ experience the success rate for the examina- 
tion was 76 per cent (65 of 85 patients) and the 
average time for the procedure was 45 minutes. The 
authors arbitrarily halted the procedure after being 
unsuccessful for 90 minutes. 

In the jaundiced patient the success rate for 
visualization was 69 per cent. The cholangiograms 
revealed choledocholithiasis in 8, common bile duct 
stenosis in 3, periampullary carcinoma in 2, and 8 
normals. In patients with suspected pancreatic dis- 
ease the success rate was 63 per cent. The studies 
showed pseudocyst in 3, pancreatitis in 12, neo- 
plasms in 2, and 12 normals. 

An increase in the serum amylase frequently fol- 
lowed the examination, but resolved in 48 hours. 
None of the patients went on to develop pancreatitis. 
ERCP is contraindicated in patients with acute 
pancreatitis and the authors suggest antibiotic cov- 
erage when a pseudocyst is suspected.—Danie/ P. 
Link, M.D. 


BLoop AND LYMPH SYSTEM 


BERGAN, JOHN J., Yao, James S. T., HENKIN, 
RosERT E., and Quinn, James L., III. 
Radionuclide aortography in detection of ar- 
terial aneurysms. 4.M.A. Arch. Surg., July, 
1974, 709, 80-83. (Address: John J. Bergan, 
M.D., Northwestern University Medical 
School, 303 E. Chicago Avenue, Chicago, Ill. 
60611.) 


This study was done to determine the potential for 
radionuclide aortography in the differential diagnosis 
of large vessel aneurysms and to compare it to plain 
film roentgenography and careful clinical examina- 
tion in the detection of aneurysm disease. Forty- 
three patients were studied: 6 cases had previous 
aortofemoral reconstruction, and 2 had femorofem- 
oral grafts; 28 cases had an abdominal aortic 
aneurysm; I had a thoracic aortic aneurysm and the 
others were without aortic aneurysm. 

A dose of 20 mc Tc??? albumin was injected intra- 
venously below a constricting tourniquet. Recordings 
were made at 2 second intervals following release of 
the tourniquet, employing a scintillation camera 
equipped with digital videotape and Polaroid and 
70 mm. cameras. Recordings were also made 2 hours 
after the injection. The albumin may become fixed to 
the intramural clot allowing visualization of the 
aneurysm for many hours. If Tc??? pertechnetate is 
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used instead of Tc**™ albumin, the most useful images 
are made during the bolus phase. Delayed imaging is 
of no value. 

Twenty-six of the 28 cases with aortic aneurysms 
and 3 of the § anastomotic aneurysms were demon- 
strated by the radionuclide technique; 3 previously 
unsuspected aneurysms were also found by this 
method. A negative study excluded the presence of 
aortic aneurysms in 7 cases (3 thoracic and 4 ab- 
dominal). Two femorofemoral grafts were well shown 
without aneurysm. There was 1 false positive study 
in which an aneurysm was not shown by contrast 
arteriography. 

Physical examination identified 26 of the 28 
aneurysms. 

Plain film roentgenograms identified 23 of 28 aortic 
aneurysms and none of the anastomotic aneurysms. 

Radionuclide aortography is of value in the deter- 
mination of aortic and anastomotic aneurysms.— 
Charles W. Cooley, M.D. 


Romanowskl, B., and Wawrzynek, Z. Radio- 
diagnostic de rupture de l'aorte, suite d'acci- 
dent de la route. (Radiodiagnosis of ruptured 
aorta following a traffic accident.) 7. de 
radiol., d'électrol. et de méd. nucléaire, March, 
1974, 55, 205-209. (Address: Pr. B. Roma- 
nowski, Institut de Radiologie de l'Académie 
Médicale Silésienne, Katowice, Poland.) 


An accident due to a fronta] automobile collision 
may involve the driver and/or his front-seat neighbor 
resulting in injury to the lungs, the trachea, the 
bronchi, the diaphragm, or the heart. In 6 per cent of 
cases, rupture of the aorta occurs. 

During the collision, the bony thorax is held by the 
dashboard, against which it strikes, or by the safety 
belt. The heart and arch of the aorta are violently 
thrown forward, while the descending aorta is held 
back by the periaortic tissues and the parietal pleura. 

In 95 per cent of cases, the aorta ruptures at the 
level of the isthmus and in 5 per cent the rupture is 
at the level of the aortic bulb which, at this level, is 
covered by the pericardium. 

The diagnosis of rupture of the aorta is based on 
radiologic examination rather than on clinical find- 
ings. The plain film roentgenogram of the chest is 
often of adequate and immeasurable value. However, 
aortography provides the significant information 
needed by the surgeon before surgical intervention. 

In 40 per cent of the cases, there is a complete tear 
of the aorta with complete separation and/or dis- 
placement at the site of the rupture. 

Clinical symptoms experienced by the patient are 
severe chest pain, which gradually diminishes during 
the succeeding days. As mediastinal hemorrhage in- 
creases, dyspnea increases and dysphagia progres- 
sively worsens until total esophageal obstruction 
occurs. 

Intrathoracic hemorrhage is manifest by a fall in 
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arterial tension. Dissecting aneurysm is accompanied 
by a blowing murmur to the left of the sternum. 

Three case reports are presented on patients 34, 
30, and 25 years old, respectively. Two patients died 
despite surgical intervention and I made an unevent- 
ful recevery after operation.—JZ' illiam H. Shehadi, 
M.D. 


SKELETAL SYSTEM 


SERjEART, G. R., Ennis, J. T., and Mipprz- 
miss, Howanp. Haemoglobin SC disease in 
Jamaica. Brit. J. Radiol, Nov., 1973, 46, 
935-042. (From: Department of Biochemis- 
try. M.R.C. Abnormal Haemoglobin Unit, 
Tennis Court Road, Cambridge, England.) 


A radiographic survey, including examinations of 
the sku l, legs, thoracolumbar spine, chest, pelvis, 
femora, shoulders, and hands and wrists, was made 
of a serizs of 84 patients, 44 male and 40 female, who 
were clinically stable and without acute symptoms. 
All hed hemoglobin S and C demonstrated on starch 
gel elec-rophoresis, and in each hemoglobin O was 
excluded. 

The usual changes due to osteoporosis and marrow 
expansion were common. Osteoporosis was most 
commenly shown in the metacarpals, phalanges, 
tibia. and skull, and was observed in 58 per cent. 
In 3° Der cent medullary expansion was shown as 
increase in the thickness of the diploic layer of the 
skull. 2xpansion of the lower third of the femur, 
"squanng" of the metacarpals, and expansion of the 
tibia o- ribs. 

The most characteristic bone lesions, however, are 
thos: attributed to avascular necrosis, and such 
charges were found in 39 per cent. The commonest 
sites were the distal femora, the proximal tibia, and 
the a. merus. The usual medullary calcification oc- 
curred, but in addition cortical infarctions with ex- 
tensv2 periosteal reaction were shown. In some pa- 
tients these were strikingly bilaterally symmetric. 
Cor-ical thickening with narrowing of the medullary 
cav ty was encountered in 57 per cent of the patients. 

In addition to the usual exaggeration of concavity 
of the vertebral end plates, typical step signs with 
intravertebral protrusion of a segment of the cortex 
from the upper or lower surface were also encoun- 
tered frequently. 

E.adiologic evidence of bone disease was apparent 
at zn early age in these patients and was shown in 69 
per cent of patients below 16 years of age. Throm- 
boric episodes apparently occurred in a random pat- 
tern, and accumulated with advancing age. A strik- 
ing feature was the lack of an obvious correlation 
be-ween the clinical severity of the disease and the 
deszree of radiologic change. Advanced articular 
changes in the hips due to aseptic necrosis became 
symotomatic whenever they were present, but the 
orginal episodes of infarction were apparently 
urnoticed.—E. Frederick Lang, M.D. 


Hysterosalpingogram with Salpix Contrast Medium. 24-hour postinjection x-ray of same patient. 


now you see it now you don't 


With Salpix as your contrast medium, vour gynecologic pa- CONTRAST MEDIUM 
tient needn't undergo the 24-hour postin ection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu- 


ally no irritating radiopaque residue to produce foreign-body TRADEMARK 


reactions, yet it provides the viscosity needed for adequate sac» ce contains: 
SUBEN p y 1 sodium acetrizoate 0.53 g and 


polyvinylpyrrolidone 0.23 g 


Contraindications: Contraindications to hysterosalpingography include the 
presence of severe vaginal or cervical infections, existing or recent pelvic 
infection, marked cervical erosion or endocervicitis, and pregnancy. The pro- 
cedure is contraindicated during the immediate pre- or post-menstrual phase. 
Sensitivity Test: |f indicated in the patient's history, an intracutaneous skin test 
or sublingual absorption observation may be done with 0.1 cc Salpix. 

Warning: Not for intravenous use. © ORTHO PHARMACEUTICAL CORPORATION 1970 


ORTHO PHARMACEUTICAL CORPORATION * RARITAN, NEW JERSEY 08869 





SIEMENS 


The multiple-choice 
power source that generates 
exceptional radiographs. 





Now you can have fine detail resolution and 
contrast, no matter what kind of radiograph you 
want. Siemens 150 kW true constant-potential 
Pandoros® Optimatic® Generator is powerful 
enough for a wide range of radiographic work 
involving fast-moving and low-contrast organs. 


Pandoros is capable of exposure times down 
to 0.3 milliseconds, and features a continuous 
electronic falling load. It can "freeze" any 
motion—significantly limiting kinetic blurring 
on lung and heart radiographs. Short switching 
times have become possible through use of 
triodes controlling the high voltage at the 
generator's output stage. 


Pandoros produces exceptional quality 
radiographs of kidneys and other low-contrast 
organs that require low-tube voltages and high 
current settings, because it provides a current 
of up to 2000 mA at 75 kV. Even tissues with 
nearly the same absorption factor come out 
sharp and detailed on Pandoros. 


Functional analysis, involving serialography 
and cinefluorography, call for high-frame 
speeds and high-output ratings. Up to 500 


Siemens Corporation 
Medical Systems Division 


186 Wood Avenue South, Iselin, N.J. 08830 (201) 494-1000 


exposures per second are possible with the 
Pandc os to provide true slow-motion pictures 
for research application.The high voltage is 
electronically controlled to ensure constant 
contras- and uniform reproduction 


Image brightness at the image intensifier screen 


remai^s constant, regardless of patient 
movement and radiolucency, because the 
high-speed dose regulator is interlinked with 
the tuze-current control. Fluoroscopy data 
is automatically converted to the correct 
radiography data setting. 


And, es with all other generators in Siemens 
Optimatic series, Pandoros can serve as a 
time-sharing unit. Procedure rooms, equipped 
with craan-related unit consoles of 

identi=<l basic design, can be linked to one 
common generator. 


Explo-e the difference a multiple-choice power 
sourc= can make in your X-ray department. 
Siemens Pandoros Optimatic Generator. 

Call o- write Siemens Corporation, Medical 
Syste ms Division, for details. 


In Canada: Siemens Canada Limited, P.O. Box 7300, Pointe Claire ~3)-P.Q. 
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A world premiere for the THERAC 6 — AECL's first unit 
in the new series of linear accelerators. 


First showing of THERASIM 750, AECL's remarkable new 
universal simulator. 


Both these units will be operational in AECL's Booths at 
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first commercial Cobalt 60 unit to the medical profession. 
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facilities could make possible the production of units you wi 

see displayed at the Radiological Society of North America Meeting 

in Chicago 1974. 
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Figure |—Normal Laryngogram. 


A. Quiet Breathing: Oropharynx (x); laryngeal vestibule in 
hypopharynx (y); laryngeal ventricles in hypopharynx (z); 
valleculae (a) pyriform sinuses (b); anterior commissure (c); 
posterior commissure (d); hyoid bone (e); calcified thyroid 
cartilage (f); epiglottis (h). 


B. Phonation: When th: 
vowel “eee” is sounded at « 
high pitch, the oropharyn 

(x) becomes distended wit 
air. The epiglottis (h) a: 
sumes a more vertical poss 
tion billowing out the aryege 
iglottic fold (g) revealing 

its free margins (j). The sli 
like laryngeal ventricle (k 
may now be seen. Note the 
change in the configuratio 

of the valleculae (a) and agi 
terior wall of the laryngea 
vestibule (arrow); the latte=— 
is now delicately curved t 
ward the cervical vertebra 


C. Modified Valsalva: 
This is likened to blow- 
ing the trumpet with 
lips closedand cheeks 
fully expanded. Even 
greater distention of 
the oral pharynx (x) 
and laryng2al vesti- 
bule (y) develop with 
reversal of the gentle 
curve of the anterior 
wall of the latter (ar- 
row). Note how well 
the pyriform sinuses 
(b) are now visualized. 
The hyoid bəne (e) lies 
higher in the neck. 





D. True Valsalva: As one strains against the closed 
glottis, the previously elevated hyoid bone (e) 
(seen in Fig. C) now descends to rest upon the thy- 
roid cartilage (f). Thisis cogent evidence of normal 
licciao ro Mion co un the or d 12 RC 





Yearbook Mediéai Publishers, Inc. Héprifts of this an 
subsequent reports: available upon request. Please 
write Eastman Kodzk Company, Dept. 740, Radiogr 

phy Markets Divisior, Rochester, New York 14650. 


Figure I|—Subglottic Tumor at Anterio 
Commissure. 


Modified Valsalva: The laryngeal vestibule 
(y) is well distended and its anterior wal 
(arrow) bulges anteriorly as should be during 





this maneuver. Nete too, the distended pyr 
form sinuses (b). A large polypoid mass (m 
involves and extends below the anterior po 





tion of the laryngeal ventricle. Note total dise 
ruption of the anterior commissure (c). 


“igure il—True Vocal Cord Tumor with Marked An- 
s»erior Commissure Involvement. 


odified Valsalva: The opacified irregularly lotu- 

| __.ated laryngeal mucosa (m) lies well behind the site 

yf the normal anterior commissure (c). The anterior 

)ortion of the laryngeal ventricle (z) too has been 

jestroyed. Most of the anterior wall (arrow) of the 
aryngeal vestibule (y) appears unaffected. 
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advantages of automatic 90-second processing. 

We'd like to help you. Contact your local Kodak 
Technical Sales Representative fcr more information, 
or consult your medical x-ray produczs dealer. 
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easy viewing 
easy handling 
easy filing 





with RADX Plastic Film Holders 


Viewing and filing images generated by today’s ‘The 70mm is available in two sizes: 

5 5 oS ) : 
the 14x17 holds up to 25 spots, and the 81⁄2 x 1014 
holds up to 9 spots. You can order these 


high-speed fluoroscopic cameras don't have to 
be a problem. Simply organize and protect your 


spot films with RADX plastic film holders. Easy tough, durable transparent plastic holders in 100 
to mount. Easy to view. Easy to file. sheet cartons, or 500 sheet case quantities. 
The 105mm size holds three 4-frame (12 total) Now that you know there's an easier way, call or 
images 1n 14x17 holder. The 90mm size holds write RADX. Send for samples and prices. 
four 3-frame (12 total) images in 14x17 holder. Be sure to tell us vour film size. 


POY Raw 1QI1AA e Ho»ston Texas 77094 e (7193468 Q698 


Wanted! 


100,000, 
busy executives 
who can: 








If you can spend some time, 
even a few hours, with someone 
who needs a hand, not a handout, 
call your local Voluntary Action 
Center. Or write to n olanteer" 


Washington, D.C. 20013. 


We need you. 


The National Center for 
Voluntary Action. 
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For Clinical 
Reference, 
Teaching, 
Lectures. 


Fit any 2"x2" 
Viewer or Projector 





TYPICAL RELEASES 


1-2A RADIOLOGICAL COLON EXAMINATION 
ACCORDING TO THE DOUBLE-CONTRAST 
METHOD: (Part. 1) 2: 93 22. .... 44 slides $22.00 
by Jakob Altaras, M.D. 

5-5 SOME FUNDAMENTALS IN CHEST 
ROENTGEN INTERPRETATION La 51 slides $20.00 
by Benjamin Felson, M.D. 

14-2B -ESOPHAGUS :.:...-——-—u 4s , DAS "t 40 slides $20.00 
by Henry J. Woloshin, M.D. 


16-1À BREAST ....... A caiser 50 slides $20.00 
by J. Gershon-Cohen, M.D. 


5-64 PITFALLS, HINTS & CLUES IN EXAMI- 
NATION OF THE CHEST FILM (Part 1) 41 slides $20.00 
by Charles M, Storch, M.D. 


3-6A MEDIASTINAL MASS LESIONS IN IN 
FANTS & CHILDREN .. eee ae ees 5S slides $22.00 
by John W. Hope, M.D. 


ORDER DIRECT. For other series, ask for catalog B 


MEDICAL FILM SLIDE DIVISION 
Micro X-Ray Recorder, Inc. 

3755 West Lawrence 

Chicago, Ill. 60625 312/478-8560 





Bind Your 
Journal Issues 
Into Valuable 

Vigilant Volumes 





Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them ‘'Vigilant Volumes''; they 
so carefully store and provide on instant notice so much knowl- 
edge of timely value. 


The cost per ''Vigilant Volume," by official commission from the 
journal publishers is but $5.95 per volume, permanently hard bound 
in washable buckram, gold embossed with period dates, journal 
name and special insignia—plus your name stamped in gold leaf. 
"Vigilant Yolumes'' are handsome library additions too, real con- 
versation pieces. These volumes are bound in the authorized colors. 


HOW TO ORDER 
Simply ship your journal issues to us via parcel post, together with 
your name, address, AND REMITTANCE, at $5.95 per volume. Within 
45 days after receipt, bound volumes will be shipped to you. Price 
subject to change without notice. Please remit 50¢ per volume for 
return transportation and handling. 


PUBLISHER’S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Authorized Binders of All Journals) 
4440 W. Roosevelt Rd. 
Chicago, Iilinols 60624 
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But we cant consider that a challenge. 

After all, it's that type of competition that made 
Agta-Gevaert the world’s second largest manufacturer of medical 
x-ray films 

[ts that type of competition that made Agfa-Gevaert 
a leader in developing innovative products designed to keep pace 
with the rapidly changing demands cf radiology. 

And it's that type of competition that makes us just 
a little bit better than the other two. Eetter in personal service...better 
in delivery capability...and better, maybe, in price, because we sell 
Agfa-Gevaert film direct. 

50, if you think it's two against one, think again. Maybe 
its one against two. 


Agfa-Gevaert, for alot of reasons. M La | GT 


X-RAY 





A Division of IPCO Hospital Supply Corporation 


400 Columbus Avenue, Valhalla, NY 10595 (914) 769-5900 


CHARLES C THOMAS * PUBLISHER 


THE FUNDAMENTALS OF RADIOLOGICAL SCIENCE by John Hale, Hospital of the Univ. of 
Pennsylvania, Philadelphia. The four basic fields of applied radiological science are radiotherapy, 
clinical nuclear medicine, diagnostic radiology and rad s ion safety physics. Ten years ago it was 
possible to develop a text on radiological physics suitable for the general student of radiological 
physics. Because of the rapid developments in each of these four fields, this is no longer possible. Each 
field has developed into a full-time specialty, and more went textbooks have tended to specialize in 
one area or another. To keep within bounds of reasonable size, however, they have tended to reduce 
the treatment of basic physical concepts. It is the aim cf this textbook to present the basic body of 
scientific knowledge that is common to the specialty fie ds of applied radiological science. A student 
needs exposure to two different texts, one dealing with rFasic radiological physics and another more 
advanced book dealing with one of the four specialized azas that he happens to be interested in. The 
student who has a basic understanding of fundamental pr n-iples should be able to continue to learn to 
assimilate new ideas and methods throughout his professional life. The technology of the application of 
these basic principles to practical problems of patient care, to the contrary, will continue to evolve as 
rapidly in the future as it has in the past. This book is di ected toward first year residents in radiology, 
but it should also be useful as a beginning text for physicists and engineers who are interested in 
radiological or health physics. The first part of the book eviews basic mathematics including equations 
and rules of algebra, linear equations, trigonometry, diff+rential calculus and integral calculus. Chapter 
Two reviews basic physical concepts including uniform linear motion, velocity, force, work and energy, 
electrical potential, momentum, resistance and active current components. Chapter Three considers 
atomic and nuclear physics. Structure forces, reactions. radioactivity and radioactive equilibrium are 
studied along with alpha particle and beta particle deci. electron capture, internal conversion and 
nuclear isomers. Chapter Four considers machines for pr x: ucing radiation and the radiation field while 





Chapter Five discusses dose, kerma and exposure. 74, 55^ »p., 172 il., 3 tables, $14.75 


MODERN THIN-SECTION TOMOGRAPHY 
edited by Arnold Berrett, New York Medical 
College, New York; Sam Brunner, Gentofte 
Hospital, Copenhagen, Denmark; and Galdino E. 
Valvassori, Univ. of Illinois, Chicago. Foreword 
by Solve Welin. (2/7 Contributors) lt is becoming 
increasingly important for the diagnostic radiol- 
ogist to have a working knowledge of the new 
developments and techniques in this field, the 
demands for which are increasing rapidly and 
appear likely to expand even further. This text, 
written by a number of prominent experts, 
clearly reflects the enormous advances diagnostic 
roentgenology has made in this special field. The 
contributors provide chapters on the history or 
tomography and physical principles involved, as 
well as a description of much of the equipment 
available. These chapters are followed by discus- 
sion of tomographic anatomy, technical factors, 
and clinical applications of the method in various 
parts of the body. Vital information is offered in 
the evaluation and diagnosis of otherwise obscure 
problems. °73, 352 pp. (7 x 10), 496 il, 17 
tables, $26.50 





301-327 East Lawrence 


Avenue . 


RADIOASSAY IN CLINICAL MEDICINE edited 
by William T. Newton and Robert M. Donati, both 
of Washington Univ., St. Louis. (9 Contributors) 
The »ditors of this volume have selected papers 
presenting in some detail the techniques and utili- 
zatio1 of several useful radioassays, chosen to be 
representative of several classes of chemical com- 
pounds. Varied techniques in the field of radio- 
assay and different types of compounds of clinical 
sigw icance have been selected for presentation. 
Classification of these techniques and their clinical 
utkity will lead to a better understanding of their 
rob in clinical medicine today. The book is con- 
cerned with the techniques and use of radio- 
nuclides in the assay of chemical compounds of 
biologic interest. Techniques described include 
radioimmunoassay, inhibition assays, competitive 
pro'ein binding assays and bioassays. Specific 
comoounds of clinical interest also discussed in- 
clud2 prostaglandins, digitalis, thyroid hormones, 
Vitamin B-12, long-acting thyroid stimulator and 
ery! 1ropoietin. Individual assays of proteins, pep- 
tices, steroids, fatty acids and water soluble vita- 
mins are presented. 774, 200 pp., 41 il., 24 tables, 
$2.75 


Orders with remittance sent, or approval, postpaid vemm 


Srringfield ° Illinois * 62717 


Anterior and posterior images taken with the latest of the Pho/Gamma Series 


NEW PHO/GAMMA IV 

Scintillation Camera 

u Improved intrinsic resolving 
capability 
Diagnostic uniformity from 
50keV to 640keV 
Diagnostically valid even 
when peaked off spectrum 
by 10-20%. 
Insensitive to spectral 
peeking 

= Unsurpassed linearity 


= Most versatile i s 
instrument available 


volution Resolutio 


For complete specifications, 
write or abun your Searle Radiographics Representative 


Searle Radiographics Inc. 
SEARLE Subsidiary of G. D. Searle & Co. 

2000 Nuclear Drive 

Des Plaines, Illinois 60018 

312-298-6600 





A New Clinac 
with Proven Performance 


The expertise gained from six years of experience with the Clinac 4 has now 
been channeled into a new design. The resul: is our new Varian Clinac 4S, a 
therapy machine with superb human engineering and performance features. 


The extended vertical travel of the Clinac 4S allows the therapist to treat at a 
comfortable patient height level with larger fie.ds than could previously be 
achieved. 


In a room with a 10 ft. ceiling, the maximum square field size at a patient's skin 
40" from the floor, is 58 X 58 cm. 
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Complementirg the extended vertical travel, 
the hand-held pendant permits fast, conve- 
nient setups of all treatment parameters at any 
gantry position, high or low. An illuminated 
read-out pane! displays gantry and collimator 
positions, and 2rovides accurate visual verifi- 
cation, regarcless of gantry position. 
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Electrically, the Clinac 4S is similar to the 
Clinac 4, providing the well-known dependa- 
bility of the Clinac 4 beam: high and constant 
output, excellent beam definition and favora- 
ble depth dose The Clinac 4S collimator de- 
sign is identical to that of the Clinac 4, making 
proven Clinac 4 accessories such as wedges, 
shadow tray, and front pointer system availa- 
ble to the Clinac 4S owner. 


Call or write for more information. Varian 
Radiation Division, 611 Hansen Way, Palo 
Alto, CA 94303. Phone— 415-493-4000. 
World-wide sales and service. 


(AR) varian | 
radiation division 





The Varian Clinac 4S 





Photographed at Mayo Clinic, Rochester, MN. 
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The Sakura QXs 
evel o«dry | 
in90 seconds 
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Time. So valued in today’s demanding emergency room Even when the 
diagnosis is a favorable one. 

And that's what the Sakura QX-1200 processor is all abou’. Fast, high-contrast 
X-rays. In 90 seconds. Or in 31/2 minutes. All at the push of a button. 
Capability that gives you more control and is unique to Sakura. 

The QX-1200 features direct-read developer temperature and replenisher 
rate gauges. An automatic feeder for sheet film. And a special adaptor 

for roll film. 

Large in capacity, the QX-1200 handles up to 500 mixed sf eets an hour. 

Yet it's compact in size. Only 5'^ square feet of floor space. 


The Sakura QX-1200 processor. When the : 
difference in time can mean all the Sakura Medical Corporation 
difference. And even when it doesn't. (K ` Radiographic Film and Instrumentation 
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People start pollution. 
People can stop it. 
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CAT. No. 712 


14" x56" VIEWING AREA, * NYLON FILM GUIDES 


READ 5- 11" x 14"S 
è TILTING MOUNT 


FILM ON REELS ON MOBILE BASE 
THE FAST, EASY WAY AVAILABLE 


A new illuminator specially designed to read 14” wide 
films in long lengths from reels. Units feature fluorescent 
lighting with five 11 x 14" areas and individual control 
of light in each area. Film is pre-wound on a reel. 


The reel is inserted into the holder and the film threaded 
through nylon guides onto takeup reel. Turn the handle 
to move the film across the viewer from reel to reel. 


Illuminator can be wall mounted or ordered with its 
own mobile base. 


Cat. No. 711: Illuminator with (2) two reels 6634" W, 19” 
H 614" 


Cat. No. 712: Illuminator & mobile base. Base 36" H, 16” 
D. (illustrated) 


Cat. No. 713: Extra reel. 


REQUEST COMPLETE CATALOG. 


S. & S. X-RAY PRODUCTS INC. 


The Complete Line of 
X-Ray Accessories 


87-93 JAY STREET 
BROOKLYN, N. Y. 11201 


Telephone: 212-852-6900 


ONE OF THE MANY S & S ACCESSORIES 
SOLD BY YOUR LOCAL X-RAY DEALER 








When you want 
one sq. ft. to 
do the work 
. ofthree... 
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Single-function equipment has its place in 
the hospital. But with pressures of patient 
loads and a shortage of ' places’, a closer 
scrutiny and evaluation of multi-function 
equipment and the inherent advantages may 
well be in order. One piece of equipment 
performing several procedures. One room 
doing the work of 3 or more. Busier rooms, 
with less equipment standing idle. And in 
the purest sense, less need for costly 
physical expansion. 


Some cases in point: 


Maxitome™. A truly mult#purpose system 
that delivers 11 patterns of pluridirectional 
and linear tomography at the turn of a dial. 
Dial again for conventional radiography 
and/or off-table work. 


Telegem™ 90. The remote control R&F 
system that expedites your requirements for 
all routine radiographic, f uoroscopic and 
linear tomographic technics. One room. 
Several procedures. With less movement 

of patient. 


Maxiscan. In nuclear mecicine, this unit 

can scan the entire body or a single organ. 
Vertical scan capability provides upright 
chest views and vertex views of the brain 
with the patient reclining. System flexibility 
enables you to start with one probe, upgrade 
to two as needs dictate. Add a videodisplay 
processor for data storage, image display 
and manipulation of scan data. 


Multi-function General Electric equipment 
in radiology and nuclear medicine. 

A prudent answer to making one square 
foot do the work of 3. Why not let a GE 
representative get down to cases involving 
your expansion plans anc 

equipment acquisitions. 


General Electric Medical Systems, 
Milwaukee, Toronto, Liege. Madrid 


getin — E a4 
touch. 


GENERAL @@ ELECTRIC 






CHARLES C THOMAS « PUBLISHER 





COMPLICATIONS OF DIAGNOSTIC RADIOL- 
OGY by John F. Weigen, Palo Alto Medical Clinic, 
Palo Alto, California, and Sydney F. Thomas, 
Chico, California. This book will help all physi- 
cians who use diagnostic radiology to balance the 
risk of a specific examination against the need 
for ud study. The means of evaluating these 
dangers and ways to anticipate, recognize and 
treat the complications that may occur are 


presented. Organic iodides play a role in most of 


the radiologic examinations that have the poten- 
tial to threaten life or health. A review of their 
physiologic and pathologic actions serve as the 
initial chapters, while the complications of speci- 
fic examinations are considered in the chapters 
that follow. Explicit recommendations are made 
for the treatment of many complications. 75, 
576 pp., 81 il., 55 tables, $25.75 


THE ROENTGENOGRAPHIC DIAGNOSIS OF 
DISEASES OF THE THORACIC AORTA by 
Steven H. Cornell, Univ. of Iowa, lowa City. The 
techniques of roentgenography, fluoroscopy and 
catheter aortography are described in detail. 
Patient preparation, anesthesia, methods of ca- 
theter insertion, catheters in current use, contrast 
media, image recording methods and postaorto- 
graphy patient care are thoroughly discussed. An 


entire chapter is devoted to the discussion of 


complications, their prevention and management. 
The plain roentgenographic and angiographic 
appearance of the normal aorta in infants, 
children and adults is described. In addition to 
the better known manifestations of hyperten- 
sion, arteriosclerosis, syphilis and cystic medial 
necrosis, unusual examples are described and 
illustrated. 73, 292 pp., 220 il, $15.75 


ANATOMICO-ROENTGENOGRAPHIC 
STUDIES OF THE SPINE (2nd Ptg.) by Lee A. 
Hadley, New York State Univ., Syracuse, New 
York. Over 900 roentgenographic images are 
coordinated with actual anatomical conditions in 


an atlas that will be indispensable to neurologists, 


neurosurgeons, orthopedists and osteopaths. '73, 
560 pp. (6 3/4 x 9 3/4), 644 iL, 819.75 


Prepaid orders sent postpaid, on approval 


301-327 EAST LAWRENCE 


SPRINGFIELD : ILLINOIS: 62717 








Have you ever 
wondered 
why the 
National Safety 





Councils logo 
Is green? 





Since employees' traffic 
accidents cost employers one 
billion dollars a year in lost 
time and production, our color 
has taken on a new meaning; and if 
you're in business, you've probably 
guessed why . , right, it’s money. 
But more impor tant than money 
it’s life. 

The National Safety Council 
can help your business save both of 
these. By completing your 
employees’ training with the 
Defensive Driving Course you'll be 
saving the lives of valuable 
employees and gaining better 
employee and public relations. Your 
business will profit in both ways— 
saving lives and money. Since 85% of 
all traffic accidents are preventable, 
isn’t it worth looking into. 


Sponsor the National Safety 
Council’s Defensive Driving Course 
. for a better business, all around. 
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M anm Ojg NC ® 
| Special Projects— Publie Information | 
National Safety Council 
| 425 North Michigan Avenue | 
| Chicago, Illinois 60611 
Please send me full details on | 
| the Defensive Driving Program. | 
| I am interested for: Myself | 
| A civic organization or club | 
| Number of employees —— | 
| My company | 
| Na | 
| Title | 
| Firm or Organization | 
i I 


In 1928, Dennis 
Peterson put all his 
assets in stock. 
































In just a little while, the 
Xonics Electron Radiography 
System will make today seem 
long ago. 

Suddenly, with a lower x-ray 
dosage, you'll get a sharper, 
wider range of information. 
And you won't need to modify 
your basic x-ray equipment to 
get it. 

Each finished sheet will come 
to you in 60 seconds. Right out 
of the unit. Giving you not 
only speed, but revolutionary 
convenience. And each 
exposure will cost less per 
sheet than silver halide film. 


The Xonics ERG System. Just 
a little while longer. 


XONICS, INC. 

2080 Stonington Ave. 
Hoffman Estates, IL 60172 
Telephone 312 884-9300 
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Cardiovascular Rotated 90° and Translated Rotated 
Configuration With Pad for “Gapless” Lateral image Counterclockwise 90° 
and Restraint Straps Intensifier or Changer Studies to Full Oblique Position 





Cardiovascular¢ Let 
Configuration — \ ` 
Elevating Base 
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77 ..like Memco's 
Master Cardio-Cradie Top 


"To make the best possible equipment in- 
corporating the most sophisticated techno- 
logical advancements." That's the prime 
objective of the Memco/ Xonics alliance. 


The Cardio-Cradle, usable with most table 
tops and bases, is such an achievement. A 
product of unyielding devotion to quality. It 
costs more than average because it does 
more than average. 


Exclusive features are standard. Things like 
120° clockwise rotation, 90^ counterclock- 
wise. Like a digital read-out for accurate 
patient positioning. A fail-safe emergency 
ever-ride that returns the cradle basket to 
neutral in the event of cardiac arrest. 


| The Memco Master Cardio-Cradle Top. Total 
capability for total versatility. 

Available through the dealer of your choice, 
MEMCO, INC. 


Subsidiary of Xonics, Inc. 
2080 Stonington Avenue 
Hoffman Estates, IL 60172 
Telephone: 312/884-9300 





redi-FLOW puts convenience on tap- 
with four studies from one source. 


Now —a presuspended, prehydrated barium preparation that's easy and economical to use in all gastro- 


intestinal radiological studies: 


esophageal upper G.I. routine enemc air contrast enema 


[ime-saving redi-Flow is flavored, concentrated, prehydrated, autoclaved, and homogenized 


Ready to use—with simple dilution directiens for each type of study (no blender needed) 


Produces consistent, uniform coating in al! radiological examinetions, including 


excellent readings in post-evacuation film:. 


Available ir individual 16 fl. oz. cans; for added thrift, a plastic too is included to 

facilitate refrigeration for later use. sanap 

All-purpose Suspension redi-Flow (barium sulfate 100% W/V). ELO or 
RIUM SULFATE 1 ' 





Simplifying without compromising 


FLOW PHARMACEUTICALS, INC. 
Palo Alto, CA. 94303 


What Philips Modular Generators 
can do for you is your choice. 


The principle is Modularity. With it, Philips offers eco- 
nomic and professional possibilities never before 
available in one family of X-ray generators. 


& Modularity. With it, you have choices: 
The Choice of Which: Philips’ full line of modular 
genzrators ranges in power output from 50kw/125kV/ 


di TURCA Pee cP ack Türrs to 150kw/150kV/1ms. Within that range is a 
gen srator to meet your needs now and years from now. 


The Choice of What: Each control-panel module 
performs specific functions. You select the capabil- 
itiss (the modules) and virtually customize your gen- 
erator. With module additions or substitutions, the SyS- 
ten can be adapted or extended to meet future needs. 
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The Choice of How: Modularity means flexibili^s. 
Maximum options. Sc how you use a Philips modular 
generator is up to you. In radiography, choose fro 
four different operating modes. Or from up to 40 pre- 
set exposures for Anatomically Programmed Radio3- 
raphy (Philips APR). In fluoroscopy, all options lezd 
to the quality imaging you expect from Philips. 
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The Choice of How Many: One Philips modular gen- 
erator becomes a full time-sharing program whenever 
you're ready. Simply add Philips Duplex and/or 
Philips APR control panels to the base generator. The 
combination will operate up to six different auxiliaries. 


The Sensible Choice: Add the unprecedented econ- 
omy of plug-in installation and rapid service, and 
Philips modular generators become the sensible 
choice. The only choice. For optimum economy and 
efficiency. For maximum space utilization. For vastly 
improved patient handling. 


Philips modular generators. The choices grow on you. 


Write for additional information. 


PHILIPS MEDICAL SYSTEMS, INC. 


A NORTH AMERICAN PHILIPS COMPANY 


710 Bridgeport Avenue, Shelton, Conn. 06484 
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Searle Micro 


The Searle Micro Dot Imager offers Pho/Gamma users a 
versatile display system for single-organ or whole »ody 
imaging using economical X-ray film. Three film sizes 
and 15 image formats let you choose the exact fomat 
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As a result of the rapid development and increasing specialization in biophysi- 
cal research, the publishers and editors of tre journal Biophysik concluded that 
no single publication could adequately cover all the important aspects of this 
expanding field. 


Hence, it was decided to continue Biophysi: under the new title, Radiation and" 
Environmental Biophysics, starting with Vo. ume 11 (1974), and to restrict its 
scope to those aspects of biophysics reflec ec by the titie change. 


The new journal Radiation and Environmeatz|! Biophysics, devoted to funda- 
mentals and applications, includes the following topics: 


Biophysics of ionizing radiations (including radiation chemistry, radiation 
cytology, radiation genetics; incorporation of radionuclides; biophysics as 
the basis of medical radiology, nuclear medicine, and radiation protection). 


Biophysics of nonionizing radiations: u traviolet, visible, and infrared light 
(including laser light); microwaves, radic waves, sound and ultrasound. 


Biological effects of such physical factcrs as temperature, pressure, gravi- 
tational forces, electricity, and magnetism. 


Biophysical aspects of environmental amd space research, i.e., physical 
parameters used in the description of ecosystems, mathematical treatments 
of models of the environment, mechanism and kinetics of flows of matter 
and energy in the biosphere. 


Subscription Information 


1974. Volume 11 (4 issues): $73.90 including postage and handling 
1975. Volume 12 (4 issues): $77.40 including postage and handling 


Please note: Subscribers to Biophysik will au omatically receive Radiation and 
Environmental Biophysics in continuation o their subscriptions. 


Subscriptions are entered with prepayment cni. 


= Send orders and sample copy requests to 
Springer-Verlag New York Inc. 
175 Fifth Avenue, New York, NY 10010 
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RAREX B mid speed screen (blue film). Competitive Par speed screen (blue film). 


Recent field evaluations have confirmed Radelin rare earth screens offer outstanding performance in a variety of applications. 


= Reduce motion unsharpness. Faster exposure in current and/or time produce less heat within 
times minimize loss in resolution due to motion. the X-ray tube. Tube replacement and inconveni- 


ence would be cut in half. 
"» Lower patient radiation exposure. Increased 
screen speeds permit development of radio- = Rapic film changers. Operate longer and faster 


graph with substantial reduction in radiation. with your present equipment by using substanti- 
ally lower power levels. Major manufacturers of 


= Prolonged X-ray tube life. Significant reductions film changers now recognize RAREX. 


Printed photos tell only ha‘ the story... 
schedule a demonstration of RAREX screens in your department. Write: 


... products that work together for you. 


ee ee ——M—— —— — —— — !— ——— —— ae 
wed: cal Products Division 

UNITED STATES RADIUM CORPORATION 
112* 37th Street * Brooklyn, N.Y. 11218 


Halsey/Radelin 


Your prime source for x-ray accessories 


[ Yes, please phone me at once to schedule 
@ demonstration of RAREX screens. 


These radiographs will be demonstrated at the My application involves 


RSNA exhibit booth Nos. 120 and 121. 
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Aff Bation 
*RAREX Rare earth intensifying screens utilize rare earth phosphors as the ^ dcress Phone 
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The facts support the results. 

Fact. Hunt has compiled extensive | Fact. Your Hunt Technical Sales 
sensitometric data on major brands of ` Representative is ready to assist you. His 
domestic and foreign emulsions processed ir chemical/processor knowledge can help you 
Universal 90 and in competitive chemistries. establish a day-in day-out control program for 
Your Hunt representative would be pleased maintaining high quality results with your 
to review the data with you. choice of films. As an additional service he can 

Fact. Radiologists are now being provided help keep your processor operating at peak 
with optimum diagnostic information in long efficiency, and optimize the amount of silver 
and short scale films— with one chemistry. recovered from your fixer. 

The Hunt CIniversal 90 System offers wide Contact Hunt at any one of 20 branches 
latitude in processing to hold the desired and sales offices in the 
contrast range. United States and Canada. 
Fact. Universal 90 Developer & i: 
Replenisher minimizes fog to reveal more Philip A. Hunt 
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PIP, an acronym for the Pako Imprcvement Program, 

is a zero defect program aimed at preventing any defective 
product or component from leaving Pako and getting into 
your hands. It is this kind of ‘quality’ thinking that has 
made Pako one of the world’s leading makers of 
processing equipment. 


Dependable, high quality film processing is important in 
many industrial and professional fields; it is particularly 
so in medicine, where diagnosis, treatment and life-making 
decisions are often predicated on the results of x-ray 
findings. You and the radiologic equipment you use are so 
exacting, should the unit processing the x-ray be any less? 


For over 60 years Pako has been intensively involved 
with research, design and production of film processing 
equipment. The PAKOROL® 14X, specific for x-ray film 
processing, is but one of the many cutstanding examples 
of Pako technology. 


The PAKOROL® 14X provides you with rapid, high quality 
processing — dry-to-dry in two minutes, low upkeep, 
easy maintenance, competitive pricing, and Pako service 
— all make the PAKOROL® 14X one pip of a buy. 
Contact the Pako distributor in your community, 

or call Pako. 
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The 
high energy 
linear accelerator 
with features 
that have 


passed the test 
of field use. 


The Mevatron XX offers high energy X-rays and 
electron therapy together with the popular 
operating features that have been tested and 
proven on other Mevatron linear accelerators. 

The available electron energies are 6, 9, 12, 15, 
and 18 MeV defined according to SCRAD protocol 
at the isocenter. 

Photon energy is 12 or 15 MeV measured at 100 
cm isocenter. 

And because the distance from the isocenter to 
the defining head is 57 cm (100 cm to the target), 
you have ample room to place beam blocks to min- 
imize problems from scattered radiation. 

Both the electron and X-ray fields are inherently 
symmetrical due to Applied Radiation's patented 
achromatic beam bending magnet. Just as in our 
other accelerators, there is no need to monitor or 
correct for asymmetry. 

Simplified, fail-safe controls assure efficient set- 
up for fixed, arc, or full rotation therapy. And by 
retracting the beam shield, you can treat over ex- 
tended distances and areas. 

The Mevatron XX is our most powerful accel- 
erator, and with it you get the features you have 
come to expect from Applied Radiation. Two 
decades of dedicated research have resulted in 
today's most sophisticated linear accelerators for 
sale, lease, or rent - MEVATRON. In the battle 
for life, don't settle for less. 

For further information, please call or write: 
CORPORATE HEADQUARTERS, Applied Radi- 
ation, Department  J-20, Walnut Creek, CA 
94596, telephone (415) 935-2250. 

EUROPEAN HEADQUARTERS, Siemens AG, 
Medical Engineering Group, Henkestr. 127, 
Erlangen, Germany, telephone (09131) 84-2423. 

BRITISH REPRESENTATIVE, Sierex Ltd., 15/18 


Clipstone St., London WIP 8AE, phone 01-580 2464. 
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Stands for various applications 


For further information 
ontact your [eTeizi 


, s ft 
upplier or write 


«ietcal'n = nt ete | A C Irar- 








aa 


-r 
- ree 


e. We make it our business. Confirming when everything is right. 
tecting when something is wrong. Providing information only 
X-ray can reveal. An X-ray of the highest possible quality. 


^ura X-ray film assures the quality vital decisions demand. Sheet to 
eet. And batch to batch. 


xura X-ray film demonstrates superior radiographic characteristics 
' all bodily regions. High contrast. Fine detail resolution. 
^w-grain profile. And optimum performance for high voltage, 
mene and special radiography. 


* the highest in radiographic quality, 
k to Sakura. For a clearer view of life. 
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Sakura Medical Corporation 

Radiographic Film and Instrumentation 

57 Bushes Lane, Elmwood Park, New Jersey 07407 
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CHANGING IMAGES* 
THE PRESIDENT'S ADDRESS, 1974 


By COLIN B. HOLMAN, M.D. 


ROCHESTER, MINNESOTA 


NCC endures but change." 

You have heard this piece of wis- 
dom, which is attributed to Heraclitus, 
quoted many times. This truism implies 
that at least one of the qualifications for 
continuing success should be the ability to 
change. Throughout its first 75 years, the 
American Roentgen Ray Society aas 
changed in an orderly and evolutionary 
manner to best serve the needs of patient 
care and scientific advancement through 
organized radiology. It should continue to 
alter its functions and composition in ways 
that are appropriate to its various educa- 
tional, technical, and administrative -e- 
sponsibilities. This is one aspect of changzzg 
images in radiology. 

The second interpretation of the title of 
this address concerns the concept of imazes 
in the technical sense, and it also relates to 
the need to consider changes in the com- 
position of our membership. Changes in 
image form will alter to some degree tae 
practice, but not the responsibility, of tae 
radiologist. It is not too early to consider 
new technologies of imaging carefully and 


to incorporate them where appropriate into 
the armamentarium of the radiologist. 


CHANGES IN THE ANNUAL MEETING 


First, let us consider the changes relating 
to our meeting this year. Needed altera- 
tions in the format of the annual meeting 
have been introduced by the Executive 
Council after consideration of the thought- 
ful and he pful report of an ad hoc com- 
mittee, cha:red by Dr. James Martin. 

Perhaps -he most radical departure from 
our traditicnal policies has been the intro- 
duction of a registration fee. This was insti- 
tuted with -he greatest reluctance, but the 
financial stability of the Society is threat- 
ened by two major factors. The first is 
familiar to you all: the creeping and now 
the gallopirg inflation running roughshod 
over a shocxed world, with little evidence 
of control. Except for the costs related to 
the publication of our superior journal and 
those previously allowed for education and 
research activities, the income of our So- 
ciety Is essentially devoted in one way or 
another to providing an annual scientific 


* Presidential Address at the Seventy-fifth Annual Meetizz of the American Roentgen Ray Society, San Francisco, California, 
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meeting that will continue to be worth the 
while of all participants; that is, members 
and guests, including instructors and exhi- 
bitors. 

The expenses of our meetings have in- 
creased about 80 per cent in the past Io 
years. This is commensurate with expenses 
in general but, because no registration 
charge has been made heretofore, the entire 
burden has been assumed by the Society. 

The second important factor related to 
this change is the interpretation of the 
federal tax laws by the Internal Revenue 
Service regarding the income of scientific 
societies that is derived from related adver- 
tising within their journals. This has re- 
sulted in an absolute reduction of income 
to the Society. 

It is apparent that registration fees, while 
not popular, are common to most national 
society meetings. The American Roentgen 
Ray Society has held off as long as possible, 
but the inevitable has become a reality. 
The Society has always had the highest 
regard for the registrants at its national 
annual meeting and now expresses again 
its appreciation for such continued inter- 
est and support. 

Some minor changes in the structure of 
the meeting are being tried in an effort to 
conform to the changing priorities of the 
registrants. 

This year, as was done last year, the 
Caldwell Lecture is to be held at 11:30 
A.M. on Wednesday, the second day of the 
meeting. This change accommodates a 
great many who are unable to be present 
in the evening. 

The formal banquet has been replaced 
by a Presidential reception, to which all 
registrants and their wives who have 
registered are cordially invited. This recep- 
tion will be held from 6:30 until 8:00 P.M. 
on Thursday evening, and it is hoped that 
it will provide all of you a pleasant oppor- 
tunity to meet with your old and new 
friends and acquaintances. 

Another change involves the schedule 
of scientific presentations on Friday, the 
last day of the meeting. Because some have 
found it difficult or impossible to attend 
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the iastruction courses held at the end of 
the meeting, these courses wil now be 
held in the latter part of the morning. 
Therefore, in order to accommodate a full 
schedule of scientific presentations, two 
sections of diagnostic papers will be pre- 
sented during the first half of the morning. 
The sessions will be in adjacent facilities 
so that one may pass from one to the other 
between presentations. If any of these 
charges do not meet with general approval, 
they probably will not be continued. We 
welcome your comments and suggestions. 


CHANGES IN SOCIETY MEMBERSHIP 


Another change contemplated by the 
Executive Council concerns the composi- 
tion of the membership of our Society. 
To study this and to make recommenda- 
tiors, an ad hoc committee under the 
cha rmanship of Dr. Eugene Klatte was 
formed. For most of the past 75 years, all 
active members have been certificants of 
the American or Canadian Board of Radi- 
ology and have been exclusively devoted 
professionally to radiology. This was ap- 
propriate because, when ionizing radiations 
were first used for medical purposes, there 
were few if any constraints on these ac- 
tiv ties, for possible untoward effects were 
litde known and the medical uses were not 
we | defined or developed. 

The changing composition of the mem- 
bership of the Society since its organization 
as the Roentgen Ray Society of the United 
States is of some historical interest. The 
first annual meeting was held at the Grand 
Cen-ral Palace in New York City on Dec. 
13 and 14, Igoo. At that time, Dr. Heber 
Robarts of St. Louis, who was elected 
President, stated that “we need the assist- 
ance of physicists in our meetings;" the 
Society then was not limited to physicians. 
In 1911, admission standards were altered 
and applicants were required to have a 
medical degree and 2 years of x-ray work 
folowing graduation together with three 
le-ters of recommendation, two from mem- 
bers in good standing of the American 
Roentgen Ray Society. The category of 
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associate membership was developed in 
1914 at the meeting in Cleveland, Ohio. 
Throughout the intervening years, how- 
ever, much of diagnostic and therapeutic 
value—and, indeed, most of the scientific 
and technical developments—has been at- 
tributable to physicists, engineers, physi- 
cians, and other professionals who have 
devoted most or all of their efforts to these 
activities. It seems, therefore, most ap- 
propriate that such individuals be wel- 
comed into our Society as active members, 
and their acceptance of such an invitation 
would enhance the image of our Society. 
The expanding fields of radiology require 
the expertise of such scientists because 
our imaging methods now involve a num- 
ber of new techniques, including those rely- 
ing on nonionizing and on ionizing radia- 
tions. This has been reflected by the fact 
that many state and federal government 
agencies which are concerned with the 
safety of use of ionizing radiations have 
extended their regulations to cover the 
use of nonionizing radiations. Indeed, we 
are now concerned with the whole range 
of the energy spectrum with regard to 
its use in acquiring data that can be ex- 
pressed so as to evoke a visual image cap- 
able of interpretation, in terms familiar 
to radiologists. We may only refer, for 
example, to ultrasound, laser acoustic 
holography, computerized axial tomogra- 
phy, liquid-crystal thermography, video- 
densitometry, and three-dimensional re- 
construction, to mention a few. The chang- 
ing of a photographic emulsion and the 
activation of the crystals on a screen 
are not the only useful diagnostic end 
products of the application of radiant ener- 
gy to our patients. It is fortunate that our 
patron "saint," Professor of Physics Wil- 
liam K. Roentgen—in whose honor our 
specialty and, therefore, our Society is 
named—exposed a piece of cardboard 
coated with barium platinocyanide to 
his unknown ray and obtained an image 
instead of activating a crystal linked to a 
computer. Surely he must have had the 
scientific credentials for membership. 
The impact of new imaging techniques 
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is felt not only in the abstract scientific 
sphere or in the fields of clinical usefulness 
but also in the mundane, commercial as- 
pects of our occupations. You are all be- 
coming more and more aware of the fright- 
ening escalation of costs associated with 
the acquisition of ever more sophisticated 
apparatus. We all want the most useful, 
effective, safe, and reliable equipment that 
is available, but few of us who limit our 
expertise to clinical diagnostic or thera- 
peutic radiology are able: to understand all 
of the technical considerations involved in 
choosing, installing, and using much of this 
exciting new apparatus. We need and wel- 
come the advice of our associated physicists 
to help us evaluate, choose, and use these 
super-sophisticated and expensive devices. 
This cooperation will necessarily involve 
mutual educational efforts by clinical 
radiologists and physicists or engineers. 
The professional scientists must be familiar 
with the clinical problems and needs. 
Closer professional ties between radiolo- 
gists and other scientists who devote their 
professional lives largely to problems re- 
lated to radiology might encourage and 
support efforts by societies such as ours to 
develop advisory technical groups or com- 
mittees. These might provide information 
and technical facts and so be able to make 
sound objective recommendations as to 
the true or potential value of available 
equipment or that in various stages of 
development. That such cooperation might 
be practical is apparent when one realizes 
that the American Association of Physi- 
cists in Medicine already has several sub- 
committees that have acquired a wealth of 
information regarding the technical as- 
pects of diagnostic radiologic techniques. 
Our association with these interested 
scientists is most evident in their teaching 
of our residents and their extensive cooper- 
ation throughout the years in our Society's 
instructional courses. We will depend even 
more on them in the future if we are to 
understand and use the many new imaging 
techniques for the benefit of our patients. 
Our expanding educational efforts already 
include some of the newer technical ad- 
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vances. It is known that ultrasound will be 
included as a subject in the American 
Board of Radiology examinations in 1980. 
Who knows how many other new develop- 
ments will be included soon thereafter? 

In the press of the everyday practice of 
radiology, it is difficult to appreciate the 
enormous practical impact of the new de- 
velopments in the physical sciences. For 
such an understanding, I strongly recom- 
mend to each of you a most interesting 
paper entitled "New Directions in Physics" 
by Dr. D. Allan Bromley, the Henry Ford 
II Professor of Physics and Chairman of 
the Physics Department at Yale Univer- 
sity.1 My time does not permit a review, 
but he calls attention, in terms that we can 
understand, to a host of new directions: 
newer developments in nuclear physics; 
atomic, molecular, and electronic physics; 
condensed-matter physics that concerns 
the solid-state devices that are so important 
for our storage and retrieval information; 
optics that concern our signal-to-noise 
ratios; the unfolding field of holography; 
acoustical developments, including holo- 
graphic applications; and other exciting 
new ideas that are likely to become clini- 
cally important in medical imaging tech- 
nology. 


CHANGING REQUIREMENTS FOR 
RADIOLOGISTS 


Another suggestion for change relates to 
the interval presently required before a 
young radiologist may be invited to join 
with us. Again, referring to the past, dur- 
ing the time when there were no certifying 
boards, no academic status, and little 
formal instruction in radiologv, it was 
reasonable to require evidence of serious 
commitment to the young specialty be- 
fore one could participate as a member in 
this type of a scientific society—hence the 
requirement of 8 vears devoted to training 
and practice and the submission of a suit- 
able thesis. 





1 BaoMLEY, D. A. New directions in physics. 4m. Sc. 1974, 62, 
293-303. 
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It is now apparent that, by the time a 
young radiologist has been certified by the 
Amer can or Canadian Board of Radiology, 
he has demonstrated commitment to and 
competence in his chosen specialty and that 
his association with us will be mutually 
beneficial. The 8 year requirement, there- 
fore, is an anachronism, and this has been 
recognized by the Executive Council and 
those who have framed the new bylaws 
for our constitution. 

The requirements for the thesis have 
gradually been relaxed in recent years be- 
cause it is well recognized that most scien- 
tific projects today represent the combined 
efforts, ideas, and skills of more than one 
author. Therefore, it is the merit of the 
project that must be recognized. The 
candicate's participation in the research 
documents his dedication to radiology and 
indicates his promise of excellence in sci- 
entific, clinical, or teaching work. This 
great Society could well benefit by welcom- 
ing more young, well-qualified, industrious, 
and intelligent radiologists as members. 
Many of the authors of the scientific papers 
in our journal are dedicated radiologists 
whe are finishing or have just recently 
finished training programs. I hope not only 
that many would become active members 
for mutual scientific benefits but also that 
after affiliation they would interest them- 
selves in, and contribute to, the many 
orgarizational aspects of our Society. 


CHANGES ON THE NATIONAL LEVEL 


The changing image of radiology with 
respect to research efforts involving the 
older, as well as the newer, technologies 
presents our Society with an opportunity 
and, I believe, an obligation to support 
and assist efforts of other prestigious radi- 
ologic organizations 1n attempting to se- 
cure for radiology categorical support on a 
national level. It has been pointed out that 
clinical radiology is rather unique in not 
beinz specifically represented in programs 
of te National Institutes of Health (NIH) 
but is designated as a part of biomedical 
engineering. This is a curious situation 
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and obviously not in the public interest as 
far as the development through research 
of probably the largest and most impcrtant 
field of medical diagnosis is concerned. 
Surely, if our national leaders are serious 
in their commitment of public funds to the 
future health problems of our people—and 
I am sure they are—it is only reasonable 
and necessary to recognize that future re- 
search in radiology must have institutional 
input and support, similar to that provided 
for cancer, psychiatry, nervous diseases, 
pediatrics, and so forth. A National Insti- 
tute of Radiological Sciences included with- 
in the NIH would be a most appropriate 
organization and could provide the needed 
advocacy and part of the sustenance for 
vigorous, coordinated research efforts in 
diagnostic radiology, nuclear medicine, 
ultrasound, holography, thermography, ra- 
diation physics, radiation protection, radi- 
ation biology, and other related technolo- 
gies involving ionizing and nonionizing 
radiations for medical purposes. 

The philosophy of categorical financial 
support has recently been examined to 
some extent in a thoughtful editorial by 
Dr. Irvine H. Page? He countered a sug- 
gestion that NIH discontinue the categori- 
cal approach in favor of more centralized 
control by the director of NIH, by noting 
that “Strong institutional leadership of 
NIH, with the aid of the director of the 
categorical institutes is a first step” in the 
public interest to promote worthwhile ob- 


? Pace, I. H. Financing research by disease categories (com- 
mentary). 7.4.M.A., 1974, 228, 995-996. 
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jectives without ‘‘...undue and often 
unwise pressure from lay groups and pro- 
fessionals with too strong biases." He said 
further that “‘. . . securing of ties with the 
important scientific societies is a second 
step." It is here that our Society can aid 
in the professional support of a much 
needed National Institute of Radiologic 
Sciences, standing on its own to provide our 
population with the benefits of carefully 
planned research in radiology. 


CONCLUSIONS 


It therefore seems clear that, just as 
imaging techniques are improving and 
changing, so too the images of the specialty 
of medical radiology and those of scientific 
societies such as ours also are changing 
to keep in step with their scientific and 
technical responsibilities as well as with 
their clinical and educational responsibili- 
ties. Although we do not know at this time 
whether the suggested changes in our Con- 
stitution and Bylaws concerning member- 
ship requirements will meet with the 
approval of the majority of the mem- 
bership, the opportunity to consider, de- 
bate, and evaluate these proposals, the 
changes that have already been imple- 
mented in the format of this annual meet- 
ing, and, most significantly, the continued 
superiority of our official journal through a 
dedicated editorial staff serve to verify the 
vitality of this venerable organization on 
its diamond anniversary. 


Mayo Clinic and Mayo Foundation 
Rochester, Minnesota 55901 
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HYDATID DISEASE OF THE LUNGS* 
A ROENTGENOLOGIC STUDY OF 50 CASES 


By JIRAYR P. BALIKIAN, M.D.,t and FAYSAL F. MUDARRIS, M.D. 


BEIRUT, LEBANON 


| aide vibus hydatid disease presents 
a wide range of roentgen manifestations. 
Some of the appearances of the hydatid 
cysts are characteristic of the disease, while 
others present a challenging roentgen diag- 
nostic problem. 

Hydatid disease is a parasitic infection 
caused by the larval stage of the tapeworm 
genus Echinococcus. There are 2 main forms 
of the disease: the cystic unilocular form; 
and the alveolar multilocular form. The 
former has 2 varieties: the common, 
classic, European or pastoral variety, 
which is caused by Æ. granulosus; and the 
less common Canadian-Alaskan or syl- 
vanic variety, which is said to be more 
benign and is probably caused by a differ- 
ent strain or variety of E. granulosus.?! 
The alveolar hydatid disease is caused by 
E. multilocularis and is characterized by the 
formation of multilocular vesicles which 
infiltrate the surrounding structures and 
has a graver prognosis.*!:3! 

The disease is widespread in many tem- 
perate and subtropical areas of the world 
and is not infrequently encountered in 
colder climates such as Iceland, U.S.A., 
Canada and Great Britain.*5:9:10.14.15,20,30 
Reports of the various roentgen findings of 
pulmonary hydatidosis have been scanty 
and fragmentary in the English language 
literature.®18-23.25,26.30 The preoperative di- 
agnosis depends mainly on the findings of 
the chest roentgenograms and serologic 
results. 

The purpose of this report is to present 
a detailed analysis of the various roentgen 
manifestations of 50 cases of the classic 
form of hydatid disease of the lungs en- 
countered in the last 10 years at the Ameri- 


can Un versity Medical Center in Beirut. 
All the cases reported herein were proven at 
operation and at histologic study. 


GENERAL CONSIDERATIONS 


A knowledge of the life cycle of the para- 
site and the morphology of the hydatid 
cyst is essential for the understanding of 
the protean roentgen manifestations of 
hydatid disease of the lungs. 


LIFE CYCLE OF E. granulosus 


The minute adult tapeworm, Echino- 
coccus cranulosus, lives in the intestine of 
the can ne animals, specially dogs; millions 
of ova are passed on to pastures where 
sheep end cattle may be grazing. When 
these animals, and occasionally men, in- 
gest the ova, the digestive juices dissolve 
the egg s external coat, the free hexacanth 
embryo migrates through the duodenal 
mucosa and enters the venules and lymph- 
atics. Most of it is filtered by the liver, 
some by the lungs and a few may reach dis- 
tant crgans. If the embryo is not destroyed 
by the ungs, it is transformed into a tiny 
cyst..+= When the fertile cyst or its con- 
tents are ingested by the dog, the life cycle 
is renewed. Infection could also possibly 
be acquired by inhalation of ova.?? 


MORPHOLOGY OF THE HYDATID CYST 


As the hydatid cyst grows in size, the 
lung reacts by forming a connective tissue 
layer, the pericyst, a layer embracing the 
parasite which is called the exdocyst.* The 
wall of the parasite itself consists of a 
thicker laminated chitinous outer layer, 
the ectocyst, and a delicate inner layer, the 
germiacl membrane also called the endo- 


* From the Department of Radiology of the American University Medical Center, Beirut, Lebanon. 


T Associate Professor of Radiology. 


1 Resident in Radiology of the American University Medical Center, Beirut, Lebanon. 
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cyst. The germinal membrane gives rise to 
the hydatid fluid, brood capsules, scolices 
and daughter cysts.!!:15.2? 


AGE AND SEX DISTRIBUTION 


Hydatid disease affecting all organs has 
been seen between the ages of 2 and 93 
years and more commonly in males. 9:18:28 
The youngest patient in our series was 5 
years old and the oldest 62. The incidence 
was IO per cent in the pediatric age group, 
Io per cent above the age of 50 and ap- 
proximately 20 per cent in each of the 
second, third, fourth and fifth decades. 
Sixty per cent of the patients were males. 


SYMPTOMS AND OTHER LABORATORY RESULTS 


The majority of the intact pulmonary 
cysts are known to produce no symptoms 
or are occasionally responsible for a non- 
productive cough or minimal hemoptysis. 
However, when the cyst ruptures, there is 
an abrupt onset of cough, expectoration 
and fever and an acute hypersensitivity 
reaction may develop. The sputum may 
become purulent and may contain frag- 
ments of hydatid membrane; rarely, micro- 
scopic examination of the sputum reveals 
hooklets from scolices. Other symptoms 
may arise such as Horner's syndrome from 
superior sulcus cysts, bone pain from pos- 
terior mediastinal cysts, dyspnea from 
tracheal compression, hemorrhage due to 
erosion of great vessels and tension pneu- 
mothorax.!!! 

The serologic studies in hydatid disease 
include Weinberg complement fixation test, 
the indirect hemagglutination test, and the 
Casoni intradermal test.!?:? 

The analysis of our series showed the 
following results: 60 per cent gave a history 
of hemoptysis; 20 per cent a history of 
coughing out membranes and salty fluid; 
and ro per cent showed scolices or hook- 
lets at sputum microscopy. Eighty per 
cent had positive serology to I, 2 or 
all 3 tests (the 20 per cent false negatives 
were commoner in the unruptured lung 
cysts with a ratio of 4:1). Eosinophilia 
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above § Der cent was present in 40 per cent 
of patients. 

Positive serology to any or all 3 tests is 
said to be lower in children,” and as high 
as gO per cent in adults (to all organs in 
body).? The Weinberg test becomes nega- 
tive within 6 months and the indirect 
hemagglutination test may take more than 
2 years to become negative after removal 
of the cyst if no residual cysts are present." 


ROENTGEN CONSIDERATIONS 


NUMBER OF HYDATID CYSTS: 
SOLITARY AND MULTIPLE 


Hydatid cysts may be solitary or multi- 
ple, the number depending mainly on the 
amount of ova ingested and the number of 
embryos filtered through the liver and 
lungs.!* Multiple hydatids are reported 
up to 35 per cent.!? Our series showed 60 
per cent solitary (Fig. 1, //-D), and 40 per 
cent multiple hydatids, of which 24 per 
cent we-e with 2-5 hydatids (Fig. 2; and 5), 
4 per cent with 6-10 hydatids (Fig. 5B) 
and 8 per cent with 11-30 hydatids (Fig. 
c E). 


SIZE AND RATE OF GROWTH: COIN-SIZED 
I ESIONS, AND GIANT HYDATID CYSTS 


It is known that a hydatid cyst usually 
reaches 1—2 cm. in diameter at the end of 
6 months, and up to 6 cm. in diameter 
within a year.?* The doubling time ranges 
from 15 to 20 weeks? Some cysts in the 
same patient can grow faster, while others 
remain inactive. The sizes in our series 
varied between 1 to 20 cm. in diameter. 
Four patients showed numerous hydatids, 
I to 4 cm. in diameter, totaling 7o cysts 
(Fig. ;E). The remaining 46 patients 
showed a total of 80 cysts with the follow- 
ing distribution: I-5 cm. (45 per cent); 
6-10 cm. (41 per cent); 11-15 cm. (10 per 
cent); 16—20 cm. (4 per cent) (Fig. 1). We 
have observed different rates of growth of 
2 cysts in the same patient, both still active. 
One of the cysts grew from 1 cm. to 8 cm. 
in diameter and the other from 2.5 cm. to 
5 cm. m diameter during a 7 month period, 
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Fic. 1. Hydatid Coin Lesion, Average-sized and Giant Hydatid Cysts. (A) Roentgenogram showing a small 
hydatid “coin lesion" which is round and sharply circumseribed. (B) Common average-sized simple 
solitary well circumscribed polycyclic hydatid cyst. (C) Simple (uninfected, unruptured) giant solitary 
oval-shaped interlobar hydatid cyst with some loss of cystic image and (D) the same in lateral projection 
simulating loculated interlobar effusion. (C and D) Note air uncer the diaphragm following operation for 
acute appendicitis. 
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Fic. 2. Different Rates of Growth in the Same 
Patient. (A) Roentgenogram showing small 
simple cysts in both midlungs and at right 
base. (B) Seven months later the 1 cm. cyst 
is 8 cm. in diameter in the right midlung field 
and the 2.5 cm. cyst has only doubled its 
diameter. Note early round and oval cysts 
later showing shallow notching and poly- 
cyclic configuration. (C) Empty pericyst 
and right pleural effusion following operative 
removal of endocysts. 


the fastest rate of growth that we encoun- 


tered (Fig. 2). 
SHAPE OF HYDATID CYSTS 


A centrally located cyst is said to be 
usually round, but may become oval or 
polycyclic to conform to pressures from 
bronchus, mediastinum, pleura and ad- 
jacent cysts.9!5 The cysts may change 
shape on maximum inspiration and expira- 
tion, which is known as the Escudero- 
Nimerov sign, but which is true also of any 
thin-walled water filled cyst.!5:2426.29 

The commonest shape noted in our series 
was that of a bizarre polycyclic form ac- 
counting for 40 per cent of cysts (Fig. 1B) 
and including those showing shallow notch- 


ing (5 cysts) (Fig. 2B), deep notching that 
gave a bilocular appearance simulating 
2 cysts (7 cysts) (Fig. 3, 77 and B), and 
bud-like projections (4 cysts) (Fig. 3C). 
Thirty per cent were roughly oval (Fig. 
1D; and Fig. 3D), 20 per cent round (Fig. 
14) and Io per cent presented as ill-defined 
nonresolving pneumonia. (Fig. 7, B and C) 


LOCATION OF THE CYSTS 


The commonest location of the 80 cysts 
was the right lower lobe, accounting for 35 
per cent. The remainder were distributed as 
follows: Io per cent were in the right upper 
lung, 15 per cent in the right mid lung, 22 
per cent in the left lower lung and 18 per 
cent in the left upper lung. About 65 per 
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cent were in the posterior segments. Bi- 
lateral involvement occurred in 20 per cent 
of patients. These findings are in agree- 
ment with most of those reported in the 
literature.5 6-18.25 

Shifts of surrounding structures are said 
to be rare? We had 5 patients with large 
hydatids that depressed the diaphragm 
(Fig. 4), and 4 that shifted the mediastinal 
structures (Fig. 3, Æ and B). Three cysts 
were interlobar in location (Fig. 1, C and 
D), and 5 subpleural in location (Fig. 13C). 


"SIMPLE' HYDATID CYST 


The viable, intact or closed cysts are 
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Fic. 3. (4) Roentgenogram showing 
simple giant solitary hydatid cyst 
with deep notching, giving a double 
contour and simulating 2 cysts. 
Note compression phenomenon with 
crowding of lung markings in the 
lower lobe and displacement of tra- 
chea. (B) Arteriogram showing dis- 
placement of the great vessels and 
minimal pleural reaction. (C) Simple 
hydatid cyst with a bud-like projec- 
tion (arrow). (D) Three oval hydatid 
cysts, one of which was punctured 
and injected with contrast material. 


termed "simple" cysts and the ruptured 
or infected cysts are considered ‘“‘compli- 
cated" cysts. The simple cysts are com- 
monly sharply demarcated, homogeneously 
dense and simulate primary sarcomas 
of the lungs, benign tumors, granulomas, 
solid lang cysts and metastases (Fig. 1; and 
2), whereas the larger and older simple 
cysts, because of further localized atelec- 
tatic aad reactive changes in the sur- 
rounding parenchyma, lose their sharp 
demarcation and simulate pneumonia and 
carcinoma”. (Fig. 3B). Infarction, hem- 
orrhage and more commonly infection 
can also cause loss of cystic image.?? At 
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Fic. 4. (4) Roentgenogram showing multiple large cysts depressing and slightly inverting the 
diaphragm. (B) Pericyst effusion following operative removal of endocysts. 


this stage, other roentgen criteria for di- 
agnosis include the presence of multiple 
large masses which are virtually patho- 
gnomonic of hydatid cysts? (Fig. 54); 
other hazy or ruptured cysts in the same 
patient (Fig. 5, B—D); characteristic dense 
rim shadows (Fig. 6) and calcified cysts 
in the liver, spleen or kidneys; multiple 
large defects on the liver scan or one large 
defect with little, or more commonly, no 
diaphragmatic pleural reaction (vs. amebic 
liver abscess). Needle puncture should be 
condemned because of the dangers of al- 
lergic reaction and implants, although in 
our experience with one case (only case), 
no untoward reactions resulted (Fig. 3D). 

The simple closed cysts comprised 70 
per cent of our cases of which Io per cent 
were viable closed cysts with some loss of 
cystic image (Fig. 3, 4 and B). 


ALLERGIC AND BACTERIAL PERI-PERICYST PNEUMO- 
NITIS AND ASPIRATION BRONCHOPNEUMONIA 


Early in the process of rupture of the 
endocyst, as hydatid fluid pours out into 
the bronchus, it may spread into the area 
surrounding the pericyst simulating con- 
solidation.!* An allergic pneumonitis with 
eosinophilic reaction may develop which is 
reversible in up to Io days.” At this stage, 


sometimes the patient may go into ana- 
phylactic shock. The allergic reaction is 
explained on the basis of sensitization by 
small leaxs of hydatid fluid into the sur- 
rounding tissues. After 10-14 days, sec- 
ondary bacterial pneumonitis may de- 
velop ? aad be perpetuated by the adjacent 
infected. cyst. There may also be trans- 
bronchial spread of the fluid producing 
aspiration. bronchopneumonia. 

We heave noted 4 patients with acute 
transient peripneumonitis (Fig. 777), 3 pa- 
tients with distant aspiration. broncho- 
pneumonia (Fig. 74), and 25 patients with 
chronic bacterial peripneumonitis giving a 
fuzzy ard irregular outline to the cyst 


(Fig. 7, B-D). 


CRESCENT SIGN OR PULMONARY MENISCUS SIGN 


This s:gn 1s produced when an enlarging 
cyst eventually erodes the bronchioles and 
with coughing and straining air may be 
introduced between the pericyst and the 
endocyst producing a radiolucent air sha- 
dow in the form of a crescent or miniscus.?? 
This is 2 sign of detachment and signifies 
impending rupture and death of the para- 
site. Climically the individual may have a 
cough and slight hemoptysis at this stage. 
The sigr is highly reliable, but not patho- 
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Fic. 5. Multiple Hydatid Cysts. (4) Roentgenogram showing 3 large unruptured cysts virtually pathogno- 
monic of hydatid cysts. Note a fourth small ruptured cyst in the left midlung for further evidence of 
hydatid disease and sunburst changes at lower border of the eft lower lobe cyst. (B) Multiple cysts, some 
intact, others showing air-fluid levels and demilune fluid cellection. (C) One of the infected cysts with 
surrounding pneumonitis. (D) One of the cysts showing empty p2ricyst in right subclavicular area. (E) Mul- 
tiple cysts simulating metastases. On tomography, few of the cysts showed surrounding pneumonitis. 


gnomonic of hydatid cyst.? In nonendemic 
areas, cavities with fungus balls (myce- 
toma) are the most common cause of the 
meniscus sign, but blood clots, carcinoma, 
pulmonary gangrene, tuberculosis and sar- 
comas may also present with a pulmonary 
meniscus sign." 

We have noted this sign in 8 patients 


(16 per cent), some with very sharp cres- 
cent shadows (Fig. 8, Æ and B). It has been 


less commonly noted in other series.!5:?! 


DOUBLE ARCH OR CUMBO'S SIGN 
As more air enters between the pericyst 


and the endocyst, the shrinking cyst 
ruptures and some of the salty fluid pours 
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Fic. 6. (4) Roentgenogram showing multiple lung cysts, 1 of which shows collapsed pingpong ball type 
of ruptured endocyst and a liver cyst showing characteristic dense rim shadow (arrows). (B) Close-up view 


of the rim sign of the liver cyst (arrows). 


out and air enters the endocyst, giving an 
air-fluid level within the endocyst which is 
capped with a crescent of air between the 
pericyst and the endocyst.!® 1823.26 Spon. 
taneous rupture occurs In $0 per cent of 
cases.° 

We have seen this sign in 4 patients, 
with pericyst arch and endocyst arch show- 
ing fluid levels (Fig. 94); with 2 floating 
endocyst arches (Fig. 95) and with 2 large 
endocyst arches (Fig. 9C). We consider 
this sign pathognomonic of hydatid cyst. 


WATER LILY SIGN OR CAMALOTE SIGN 


This sign occurs when with further col- 
lapse of the endocyst and evacuation of the 
fluid, a wavy endocyst membrane floats on 
top of the remaining fluid.!5???5 The peri- 
cyst wall is usually thinner than is seen 
with other cavities.!5?* We have seen this 
sign in 5 lung cysts (10 per cent) (Fig. 10, 4 
and P). 


“MEMBRANE” SIGN 


Since the pulmonary meniscus sign and 
the water lily sign can be produced by dis- 
eases other than hydatid cysts,’ we have 
chosen to introduce contrast material into 
these cavities in an attempt to show the 
incarcerated or the ruptured membranes. 
At bronchography, the contrast agent en- 
ters between the layers of the ruptured 
hydatid membrane giving a radiolucent un- 
dulating line which we like to refer to as 
the lucent membrane sign. When this sign 
was present, it was pathognomonic of 
hydatid cyst (Fig. 11C). At tomography, 
these cysts may show an onion-peel ap- 
pearance with opaque membranes (Fig. 
118). We have noted this sign in 6 cases. 
In 2 patients, the contrast material failed. 
to enter into the infected cysts which were , 
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Fic. 7. Allergic and Bacterial Peri-Pericyst Pneumonitis and Asowation Bronchopneumonia. (A) Roentgeno- 
gram showing ruptured cyst with an allergic peri-pericyst paeumonitis that disappeared within 10 days 
and transient transbronchial aspiration bronchopneumonia ir the right upper and lower lobes. (B) Early 
infected cyst with bacterial peri-pericyst pneumonia showing sanburst appearance simulating carcinoma 
of the lung. (C and D) Infected cyst on bronchography showing spreading of bronchi and minimal 


bronchiectasis. 


DAUGHTER CYST SIGN 


With the disintegration of the endocyst 
membrane, the daughter cysts may make 
their appearance as circular shadows at 
the bottom of the cyst and among the dis- 
integrated membrane, giving a picture sim- 
ilar to the "rising sun." The daughter cysts 
develop usually as a result of mechanical, 
infectious, and toxic disturbances. They 
are rarely seen in the lungs,!? but are com- 
mon with the liver cysts.” 

We had 9 patients (18 per cent) with 
pulmonary cysts that showed daughter 


cysts at operation, but could demonstrate 
the sign of a daughter cyst in only 2 in- 
stances (Fig. 12), and consider it a char- 
acteristic sign. Foley catheters passed into 
the percyst cavity following operation 
should not be mistaken for daughter cysts. 
We could not find an illustration of a 
daughter cyst of the lung in the literature. 


HYDATID LUNG ABSCESS 


With uncontrolled bacterial infection 
and further disintegration of the mem- 
brane, the purulent material may produce 
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Fic. 8. Crescent Sign. (A) Roentgenogram showing an early crescent sign with air between the pericyst and 
the unruptured endocyst. (B) Few days later there 1s a larger air crescent with smooth endocyst. 


an air fluid level with no demonstrable 
floating membranes or daughter cysts. 
The wall of the pericyst may become quite 
thick and the whole picture may be in- 
distinguishable from ordinary pyogenic 
abscess. The expectorant, however, may 


a 
de 





contain disintegrated pieces of the mem- 
branes, degenerated scolices and more com- 
monly hooklets and pus cells. 

Hydatid lung abscesses with thick walls 
and large air fluid levels were seen in 4 pa- 
tients, ? with disintegrating floating mem- 





T 
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Fic. 9. Double Arch Sign. (4) Roentgencerams showing air fluid level between the pericyst and endocyst 


and in the endocyst (B) with 2 air fluid levels in the endocyst (C) Later 2 arches outline the endocyst and 
a third the pericyst (arrow). Pneumonit s, fibrotic and atelectatic changes present in the right base were 


confirmed at operation. 
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Fic. 10. Water Lily Sign. (4) Roentgenogram showing the wavy endocyst membrane floating over hydatid 
fluid. (B) There is a large hydatid abscess with thick pericyst wall and floating of the disintegrating endo- 
cyst membrane. 





Fic. 11. “Membrane” Sign. (4) Roentgenogram showing a ruptusec cyst with the pulmonary meniscus sign. 
(B) Tomogram showing the membranes as opaque curves agzinst air as contrast and giving the mem- 
branes an "'onion-peel" appearance. (C) Bronchogram showinz the endocyst membrane as a lucent un- 
dulating line thus determining the hydatid nature of the pulmcnary meniscus sign. 
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Fic. 12. Daughter Cyst Sign. Roentgenogram showing 
a circular daughter cyst within the pericyst (con- 
firmed at operation). 


branes (Fig. 10B), however, smaller, 2-3 
cm. cavities with fluid levels were seen in 
IO patients (Fig. zB). 


EMPTY PERICYST, AND PERICYST EFFUSICN 


Spontaneous disappearance of hydatid 
cyst of the lung following rupture is re- 
ported to be up to Io per cent.!8 The non- 
infected pericyst may also disappear in the 
course of few months without leaving any 
trace? but more commonly may become 
infected.!5 

We have seen 2 patients with empty peri- 
cysts, who gave a history of coughirg out 
membranes and salty fluid. These simulate 
very closely the congenital air cysts of the 
lungs or bulla (Fig. 2C; and Fig. £D). 
Empty pericysts were commonly seen fol- 
lowing operative removal of the endocyst 
(Fig. 2C), and cyst effusion required a 
few days of drainage. Two patients de- 
veloped postoperative abscess and 1 pa- 
tient bronchopleural fistula. 


ATELECTASIS, PULMONARY FIBROSIS, 
BRONCHIECTASIS AND CALCIFICATION 


With large cysts compression phe- 
nomena, minor and segmental atelectatic 
changes can occur, and with chronic 
pneumonia, dense scarring and minimal 
bronchiectasis may set in.???* Calcification 
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Is extremely rare.?' 

Fibrotic changes were noted in 14 pa- 
tients (28 per cent) (Fig. 9C), and mild 
bronchiectasis in 4 (Fig. 7D). Atelectatic 
changes were present in 14 patients (28 per 
cent), of which 2 were with segmental 
atelectasis, 2 with plate-like atelectasis, 
and 10 with sunburst pattern at the de- 
pendent periphery of the cysts (Fig. 54; 
and Fig. 7B). There were 5 patients with 
displacement and crowding of lung mark- 
ings (Fig. 3, 4 and B). No calcified hydatid 


cysts were noted. 
PLEURAL REACTION, EFFUSION, AND EMPYEMA 


Pleural reaction of varying degrees was 
noted in 30 patients (60 per cent) at opera- 
tion, but only about half as much could be 
seen on roentgenograms. Pleural effusion 
due to infected cysts occurred in 2 patients 
(Fig. 138), and empyema in 2, one of 
which showed a bronchopleural fistula. Few 
cases of spontaneous pneumothorax with 
and without tension have been reported in 
the literature. ? 


MULTIPLE HYDATID CYSTS 


Multiple large round shadows in the 
lungs are said to be virtually pathog- 
nomonic of hydatid disease.? We have had 
5 such patients (Fig. 54), but multiple 
small cysts may simulate metastasis, 
Wegener's granulomatosis, other granu- 
lomas and cavitating metastasis. We 
had 8 patients in this category, demonstrat- 
ing cysts with air fluid levels (Fig. 5B), rup- 
tured cysts with surrounding pneumonitis 
among other intact cysts (Fig. $C), grossly 
intact cysts that showed pneumonitis at 
tomography (Fig. 5E), and cysts with 
hydatid membranes that could be seen 
(Fig. 64). The presence of a thin wall of 
the pericyst, demonstrable membranes and 
pneumonitis scattered among intact cysts 
were considered important features in favor 
of hvdatid disease. 


RECURRENT HYDATID CYSTS, SECONDARY 
AND EXOGENOUS RE-INFECTIONS 
Secondary hydatid cysts are the result 
of implants or blood dissemination follow- 
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Fic. 13. Diaphragmatic, Pleural, and Subpleura! Hydatid Cysts. A) Roentgenogram showing an infected 
hydatid cyst involving the diaphragm and the parietal pleura with blood supply from phrenic arteries. 
(B) Pleural hydatid cyst believed to be an implant from previcus operation of hydatid cysts of the right 
lung and liver. (C) Subpleural location of a small hydatid cyst with minimal pleural reaction. 


ing rupture of a cyst.1*?%3° Its incidence 
may be as high as 20 per cent.’ 

Secondary hydatid cyst implants on 
pleura were seen in 2 patients, one follow- 
ing spontaneous rupture, and the other 
following rupture of a cyst of the liver at 
operation (Fig. 13B). In 3 other patients, 
however, new cysts appeared in the lungs 


several years after operative removal of in- 
tact hydatid cysts of the lungs. These may 
represent re-infection by ingestion of ova. 


EXTRAPULMONARY THORACIC AND 
EXTRATHORACIC CYSTS 
Only a small number, 2-5 per cent, of 
thoracic cysts are reported to develop in 


Vor. 122, No. 4 


the mediastinum, pleura” and dia- 
phragm,*?? but as high as 16 per cent of 
pulmonary cysts are reported to have con- 
current liver cysts.? 

In our series, the liver was involved in 
16 patients (30 per cent) (Fig. 6), the 
plura in 3 (Fig. 135), the diaphragm in 1 
(Fig. 134), the left ventricle in 1 (Fig. 14), 
the chest wall in 1 (implant), the spleen in 
2, the peritoneum in 1, the kidney in 1, the 
brain in 1 and the breast in 2. A mm of 
curvilinear density of hydatid of the breast 
was found to be diagnostic of hydatid cyst 
(Fig. 15, 4 and B). There was 1 patient 
with hepato-bronchial fistula with bile ex- 
pectoration, and 1 with floating cyst in the 
pleural cavity. There were no cases of 
miliary pleural hydatid granulomatosis.? 
Pleural hydatids had to be differentiated 
from mesothelioma.” Previous operation 
and serology provided clues to the diag- 
nosis. 


SUMMARY 


Roentgen analysis of 50 cases of hydatid 
disease of the lungs is presented. 
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Fic. 14. Hydatid Cyst of the Heart. Roentgenogram 
showing an enlarged left ventricle. At operation, 


a hvdatd cyst of the left ventricle was removed. 
(Courtesy of Dr. M. Slim.) 


The hydatid cysts of the lungs were com- 
monly solitary, well circumscribed, poly- 
cyclic, unruptured, at the lung bases, and 
at the posterior segments. 

They exhibited different rates of growth 
in the same patient with a maximum 
growth of 7 cm. in 7 months. The presence 
of 2 or more large well circumscribed masses 





Fic. 15. Hydatid Cyst of the Breast. (4) Roentgenogram showing enlarged right breast with a rim of dense 
curvilinear shadow of hydatid cyst. An infected hydatid is also present near the aortic knob. (B) Heavy 
penetrated view showing the dense rim of the cyst. No calcifications were seen at histology. 
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were found to be virtually pathognomonic 
of simple hydatid cysts. Characteristics of 
multiple small cysts are presented. 

The roentgen manifestations of ruptur- 
ing and ruptured hydatid cysts included 
the classical roentgen signs; ;.e., the cres- 
cent sign, the double arch sign, and the 
water lily sign. The “membrane” sign on 
bronchography and tomography and the 
“daughter cyst” sign are described and 
illustrated. 

Included also are cases showing: empty 
pericyst; pericyst effusion; hydatid lung 
abscess; pleural reaction; pleural effu- 
sion; and empyema. Accompanying types 
of pneumonitis included the peri-pericyst 
allergic and bacterial pneumonitis and 
aspiration bronchopneumonia. Other com- 
plications and sequelae included atelectasis, 
fibrosis, bronchiectasis, bronchopleural and 
hepato-bronchial fistulae. 

Other aids in diagnosis of hydatid cvst 
of the lungs included: concurrent char- 
acteristic dense rim shadows and calcifica- 
tions in the liver, spleen and kidneys; liver 
scan; clinical history; serology; and spu- 
tum microscopy. A rim of dense curvilinear 
shadow in the breast was dignostic of 
hydatid cyst of the breast. 

The incidences of secondary and exo- 
genous re-infections and concurrent extra- 
pulmonary hydatidosis are reported. 


Jirayr P. Balikian, M.D. 
Department of Radiology 

American University Medical Center 
Beirut, Lebanon 
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PULMONARY INVOLVEMENT IN ADULTS WITH 
CYSTIC FIBROSIS* 


By EMANUEL E. SCHWARTZ, M.D.,f and DOUGLAS S. HOLSCLAW, M.D.1 


PHILADELPHIA, PENNSYLVANIA 


yw first described, cystic fibrosis 
was believed to be uniformly fatal in 
early childhood. Until a few years ago, it 
was rarely seen after adolescence.? How- 
ever, Shwachman” recently reported that 
200 patients in his clinic have now reached 
17 years of age, which contrasts with only 
3 patients reported 15 years earlier. This 
dramatic change is attributed to our better 
understanding of the varied manifestations 
of the disease, the recognition that pan- 
creatic insufficiency is not essential for 
diagnosis, and to improved diagnostic tech- 
niques, notably the sweat test, as well as 
to improved treatment. 

Because cystic fibrosis is being encoun- 
tered with increasing frequency today in 
young adults,?:3:10-15.18,19,26 it must be a ma- 
jor consideration in the diagnosis of chronic 
pulmonary disease in such patients. Yet, 
there is little in the radiologic literature 
regarding its presentation in this age group. 

In recent years we, also, have observed 
a growing number of adults with this diag- 
nosis in our clinics. Furthermore, we have 
noted that their chest findings on roent- 
genography do not necessarily parallel the 
classic textbook descriptions which have 
been based mainly on experience with 
young children. Along with others, we have 
noted that as the child grows, the lungs 
supplant the pancreas and gastrointestinal 
tract as the major target organ. The above 
facts have motivated us to review the char- 
acteristic pulmonary changes observed 
after adolescence. 


MATERIAL AND METHOD 


Fifty-five patients attending our cystic 
fibrosis clinics at Hahnemann Hospital 


and Harrisburg Polyclinic Hospital have 
passec their 17th birthday. This total con- 
sists cf 24 females and 31 males and ac- 
counts for approximately one-fourth of all 
patients followed during this period. These 
individuals ranged from neonate through 
21 years of age at the time of initial diag- 
nosis, and were between 17 and 31 years 
on their last visit. Six have been followed 
from :o to 20 years and 24 others for 5 or 
more years. Six patients, between 17 and 
31 yezrs of age, have died. 

In each instance, the diagnosis has been 
confirmed by a pilocarpine iontophoresis 
sweat test. On analyzing the chest roent- 
genog-«ms of these young adults, we have 
examiaed the evolution of their pathologic 
changes and have correlated these with 
other pertinent findings. 


ROENTGEN FINDINGS 


Almost all of our patients have demon- 
strated increased interstitial markings or 
cyst-like changes or a combination of the 
two. Tae earliest abnormality generally 
observed is accentuation and haziness of 
the vascular shadows, predominantly in the 
upper lebes. Later, the interstitial markings 
tend to become more irregular, discontinu- 
ous ard, eventually, may appear reticulo- 
nodular (Fig. 14). The fact that they rarely 
regress completely and are later accom- 
paniec by upward hilar retraction, attests 
to their partially fibrotic nature. 

Broachiectasis exists in one form or 
another in nearly every case. Clustered, 
small cvst-like areas representing ectatic 
bronchi or bronchioles on end appear first, 
localizmg mainly in the parahilar regions. 
As their walls thicken and interstitial in- 


* From the Department of Diagnostic Radiology,t and the Department of ?ediatrics,T Hahnemann Medical College and Hospital, 


Philadelphia, Pennsylvania. 


Supported in part by grants from the Cystic Fibrosis Foundation and tae Philadelphia Regional Pediatric Pulmonary Disease 


Program. 
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filtration progresses, a honeycomb appear- 
ance may ensue (Fig. 15). In advanced 
stages a bizarre, distorted picture suggest- 
ing swiss cheese is produced. 

Transient nodular densities (Fig. 17), 
occasionally occupy these spaces only to be 
replaced subsequently by lucencies again. 
Such transition was observed in 12 of our 
patients at least once during their course. 
Correlative pathology studies by Hodson 





* 


Fic. 1. Pulmonary patterns in cystic fibrosis. (4) Mixed interstitial infiltration. (B) Honeycombing. Arrow 
points to nearby thick-walled, dilated bronchus seen in profile rather than ez face. Note elevated fissure 
immediately below, indicating volume loss in right upper lobe. (C) Basilar bronchiectasis. (D) Transient 
nodular densities (arrows) amidst air-containing, dilated bronchi. 


and France? reveal that such evanescent 
nodularities consist of endobronchial col- 
lections as well as peribronchial abscesses, 
the latter draining by rupture into ad- 
jacent bronchi. When bronchiectasis in- 
volves the bases (Fig. 1C), its appearance 
again varies with the amount of secretions 
contained by the air passages. Dilated 
bronchi were verified by bronchography 
(Fig. 2) in only 3 cases, since the procedure 
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Fic. 2. Advanced bronchiectasis in anterior segment 
of upper lobe (straight arrows). The bronchi in 
subapical segment are obstructed by secretions 
(curved arrow). Despite recurrent respiratory in- 
fections since childhood, this patient was not diag- 
nosed until age 21, at the time of the bronchog- 
raphy. 
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is seldom performed in these patients, but 
it was widely distributed in each of our 
autopsed cases. 

Pu. onary hyperinflation occurred in 
roughly one-half of our patients and, with 
the smgle exception shown on Figure 3, 4 
and B, it invariably accompanied wide- 
spread parenchymal infiltration (Fig. 5). 
This ts opposed to the situation in infancy, 
where emphysema may be the first evi- 
dence of disease.*!!??? Increased retro- 
sternzl air space often accompanied upper 
lobe bronchial and peribronchial involve- 
ment, and lower lobe hyperinflation tended 
to follew fibrosis of the upper lobes. A 
numbe- of patients with advanced disease 
also had giant apical bullae. Small bullae 
were invariably present at necropsy. Seven- 
teen cf our cases had roentgenologic find- 
ings which fulfill Simon's criteria?! for gen- 
eralizec panacinar emphysema, Grade 3, 
but juc zing from our own and other post- 
morter studies? most of this hyperinfla- 
tion apoears to be due to obstructive or 
compersatory overexpansion. 

The »redominant roentgenographic pat- 
terns o»served in our cases at the time of 
their most recent examination are tabu- 





Fic. 3. (4 and B) Marked generalized emphysema despite minimal infiltrates in a 24 year old woman who 


first developed a cough 4 years earlier. Her mid maximal exp.r-tory flow rate (MMEFR) was only 19.6 
per cent of normal. 
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TABLE I 
PREDOMINANT PATTERNS IN POST-ADOLESCENT CYSTIC FIBROSIS 

















Degree of Mixed Cystic Transient H inflati 
Involvement Interstitial Honeycomb Nodular VESANEN 
Mild I2 9 I II 
Moderate 26 24 I 14T 
Advanced 7 II O 3T 
Total (55)* 45 44 2 28 

Per Cent (82) (80) (4) (51) 





* Since more than 1 type of lesion may exist in any I patient, particularly in later stages, the subtotals under each vertical column 
add up to more than the total number of 55 patients. For this same reason patients with composite lesions of minimal degree were only 
7 in number, those with moderately severe changes totaled 30, etc. (see text). 

T Fulfill Simon’s criteria?! for widespread panacinar emphysema, Grade 3. 


lated on Table 1. We have arbitrarily 
graded the degree of involvement on the 
basis of severity and distribution. Our com- 
pilation indicates that only 7 patients were 
minimally affected, 30 had moderately 
severe changes, and 18 patients had ad- 
vanced lesions of one or more types. 


PULMONARY COMPLICATIONS 


The main pulmonary arteries were dis- 
proportionately large in 26 patients (Table 
11). This manifestation of pulmonary hyper- 
tension occurred mostly in individuals with 
moderately or far advanced pulmonary 
disease. Enlarged hilar vessels could not 
be readily separated from the frequently 
coexisting hilar and tracheobronchial 
lymphadenopathy. As is not unusual in 


TABLE II 


PULMONARY COMPLICATIONS IN 55 CASES 


Complication Patients 
Cor pulmonale 26 
Pneumonitis 16 
Right heart failure 6 
Hemorrhage* J 
Pneumothorax 4 
Effusion 2 
Atelectasis I 


* Unlike other complications, hemorrhagic sites were never 
seen roentgenographically. 


cor pulmonale, the cardiac silhouette re- 
mained small until the appearance of 
right heart failure, a preterminal event 
which occurred in 6 patients (Fig. 4, 4 
and B). 

Clinical pneumonitis was difficult to 
identify on roentgenography. It was de- 
tectable in 16 instances, usually as small 
patchy peribronchial infiltrates. Major 
segmental or lobar consolidation was found 
only 3 times. Pleural effusion was more 
uncommon, being encountered in only 2 
patients in whom it was minimal in 
amount. Coagulase positive Staphylococcus 
and Pseudomonas were the most common 
offending organisms cultured from sputum. 

Hemoptysis occurred in 7 patients, 3 of 
whom had advanced mixed interstitial dis- 
ease. Unfortunately, the bleeding sites 
could never be localized roentgenographi- 
cally. The ominous significance of this com- 
plication has been pointed out previously 
by one of the authors.? This impression was 
supported by 2 patients included in this 
series who died shortly after such an epi- 
sode. One case was our only Black patient, 
a 31 year old woman, who was admitted 
with meconium ileus equivalent 4 months 
after massive hemoptysis, and who died 
4 days following admission. 

Pneumothorax occurred 6 times in 4 pa- 
tients, all of whom had advanced disease 
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Fic. 4. (4 and B) Right heart failure in a 20 year old male with cystic fibrosis diagnosed in early childhood. 
He also had esophageal varices, duodenal changes, and marked clubbing. Note the marked increase in 
heart size over the 3 month period between 4, (March 6, 1972) and B (June 6, 1972). Autopsy 12 days 
after B revealed right ventricular hypertrophy and dilatation. 


and/or hyperinflated lungs. Two of these 
also had large apical bullae. In view of the 
marked parenchymal scarring, it is not 
surprising that re-expansion of these lungs 
was sometimes considerably delayed (Fig. 
5; and 6). 

Atelectasis was identifiable on roentgeno- 
graphy in only a single patient, but seg- 
mental collapse may well have been ob- 
scured in other cases by surrounding dis- 
eased lung. Clubbing, on the other hand, 
was readily apparent in most patients with 
at least moderately advanced pulmonary 
disease. 


CORRELATIVE PULMONARY FUNCTION STUDIES 


Pulmonary function studies were per- 
formed at regular intervals in most pa- 
tients, and as frequently as a month apart 
in some. These studies included forced 
vital capacity (FVC), mid maximal expira- 
tory flow rate (MMEFR), forced expira- 
tory volume in 1 second (FEV;), and peak 
expiratory flow rate (PEFR). The results 
were recorded as percentages of expected 





Fic. 5. R zht pneumothorax (arrows) in a 17 year old 
male camplicating advanced lung disease and pul- 
monary hypertension. He was diagnosed at 5j 
years :nd by age 11 already had moderately 
severe nterstitial disease and hyperinflation. This 
lung resisted re-expansion for 3 months. 
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normal levels. 
As observed in other studies, the 
MMEFR, which assesses airway obstruc- 
tion, was the most sensitive index of im- 
paired function and coincided most closely 
with roentgen findings. Those with mild or 
minimal roentgen changes generallv had 
normal levels. However, in two patients 
with low MMEFRSs at the time that their 
roentgenograms were minimally abnormal, 
the MMEFR proved to be the forecaster of 
deterioration noted on roentgenograms 
soon thereafter. In all cases the decline of 


both the MMEFR and FEV;, another 





Fic. 6. Appearance of lung at autopsy of same pa- 
tient as shown in Figure 5, 2 years later. Examina- 
tion revealed advanced bronchiectasis, widespread 
consolidation, peribronchiolar abscesses, focal ate- 


lectasis and emphysema, and many emphyse- 


matous bullae. 
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measure of airway obstruction, paralleled 
progressive pulmonary disease manifested 
roentgenographically. They were invaria- 
bly low in patients with moderate or 
advanced roentgen findings. Only in ad- 
vanced cases, where the FEV, was less 
than 30 per cent of normal and the 
MME FR 15 per cent or less, was an ap- 
preciable effect on the FVC and PEFR 
noted. Neither the degree of localization 
nor the distribution of the disease process 
on roentgenography had appreciable in- 
fluence on these criteria of pulmonary func- 
tion. 

Several patients also had radioactive 
perfusion scans (Tc??» labeled albumin) 
performed. In these individuals the areas 
of diminished perfusion correlated well with 
areas of maximum disease demonstrable 
roentgenographically (Fig. 7, 4 and B). 


INVOLVEMENT OF OTHER SYSTEMS 


In our adults, pancreatic and gastrointes- 
tinal involvement followed the lungs and 
sinuses in frequency. This agrees with pre- 
vious experience which approximates an 
incidence of 84 per cent.? Findings included 
esophageal varices due to biliary cirrhosis, 
meconium ileus equivalent, rectal prolapse, 
and evidence of malabsorption such as 
steatorrhea. Splenomegaly was visualized 
in 8 patients, and there were occasional 
instances of cholecystitis. Intussusception 
and pneumatosis cystoides intestinalis, 
which also have been reported, were not 
encountered in this series. 

In keeping with the well known fact that 
the islet cells of the pancreas are spared 
until relatively late, we found only 5 clini- 
cally overt diabetics among these 55 cases. 
Interestingly, perusal of the data failed to 
disclose any relationship between the ex- 
tent and severity of pulmonary and extra- 
pulmonary disease. 


DISCUSSION 


Cystic fibrosis is a protean disease which 
may afflict nearly every site of mucous 
secretion in the body. However, because 
it was first clinically recognized as a dis- 
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Fic. 7. Close correlation between markedly diminished upper lobe perfusion on (4) lung scan and advanced 
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upper lobe interstitial and cystic disease on (B) roentgenog-am of patient illustrated in Figures 5 and 6 


shortly before death. 


ease of the pancreas, it was called cystic 
fibrosis of the pancreas. The term muco- 
viscidosis which next gained popularity be- 
came inappropriate when it was appreci- 
ated that sweat glands, as well as mucous 
exocrine glands, were also involved. After 
infancy, interest is directed mainly to the 
lung, rather than the pancreas, inasmuch 
as it is almost always involved and has 
such a strong influence on the over-all con- 
dition and prognosis of the patient. 

The disease is generally progressive (Fig. 
8, 4-C), and respiratory and secondary 
heart failure are the chief causes of death. 
Cystic fibrosis today is the most common 
lethal genetic disease of the Caucasian 
race,? with an incidence of approximately 
I in 1,600. 

The basic respiratory tract lesion 1s ob- 
structive airway disease leading to bron- 
chiectasis. Bronchiectasis was seen in four- 
fifths of our patients. The process origi- 
nates in excessive viscid secretions which 
plug peripheral air passages, thereby im- 
peding drainage and ventilation, causing 
overinflation and atelectasis, and predis- 
posing to infection. The ciliated bronchial 


epithelium becomes inactivated, hyper- 
trophied and converted to goblet cells.’ 
Chroric bronchitis and peribronchitis even- 
tually occur, and a vicious cycle of pro- 
gressive, irreversible changes ensues. De- 
structive emphysema increases with time, 
but remains relatively focal, mild and in- 
frequent as compared to "dilatation em- 
physema" or hyperinflation." 

The clinical spectrum of cystic fibrosis 
expands with age. On the one hand are 
patients who are nearly asymptomatic. 
They a-e diagnosed late in life unless sus- 
picion has been directed by an afflicted 
sibling. Findings in this group tend to be 
minimal initially and their roentgenograms 
may show only slight increase of perivascu- 
lar markings resembling chronic bronchitis 
(Fig. 9. 4 and B). At the other extreme 
are pet ents who experience severe respira- 
tory problems from early childhood, and 
who suffer from severe bronchiectasis and 
hyperirflation by puberty. Moderately 
severe and advanced cases have dominated 
our experience (Table 1). However, it 1s 
vital tc detect the subclinical or mild case 
so that prophylactic treatment may be 
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Fic. 8. (4) January 23, 1954. (B) June 22, 1966. (C) July 26, 1972. Roentgenograms obtained over an 18 year 
period in a male aged 23 years, first diagnosed at birth with meconium ileus. Studies beginning at age 4 
(4) show gradual progression from mild interstitial disease to advanced cystic bronchiectasis and pul- 


monary hypertension (C). 


initiated and subsequent deterioration re- 
tarded if not arrested.*!9 

Cystic fibrosis often presents differently 
in young adults than in early life. As pre- 
viously stated, in infancy generalized hy- 
perinflation of the lungs may be the sole 
manifestation,*!!7?:2 and collapse of an en- 
tire lobe or major segment, particularly an 
upper lobe, is not at all uncommon.^*.? 
Emphysema was not a prominent feature 
in 7 adults reported by Coates,’ although 
Tomashefski eż al. described perifocal and 
compensatory emphysema in their young 
adults. Differing interpretations of the 
term emphysema may explain this differ- 
ence of opinion. Whereas we have found 
considerable hyperinflation and/or emphy- 
sema in close to one-half of our patients, 
such changes have almost invariab!y de- 
veloped in the wake of advanced pul- 
monary infiltration. 

Shrinkage or volume loss of involved 


parenchyma in our patients appeared to 
be primarily due to scarring rather than 
major atelectasis. Only focal atelectasis has 
been discovered in our patients coming 
to autopsy. It is conceivable that alveolar 
hypoplasia secondary to bronchial occlu- 
sion in early childhood contributes to the 
reduced lung volume.” 

A number of observers,^?*?5 including 
the authors, have been impressed by the 
predisposition of the upper lobes, particu- 
larly on the right side, to this disease pro- 
cess. This is a carry over from infancy at 
which time, as mentioned, atelectasis may 
selectively involve an upper lobe and ir- 
reversible bronchial damage may occur. 
In this connection, Gyepes eż al." have re- 
ported diminished perfusion and ventila- 
tion in the upper lobes on isotopic lung 
scannings before the advent of roentgeno- 
graphic changes. 

Other complications, notably pneumo- 
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Fic. 9. (4 and B) Patient with a mild cough for 10 years and various allergies. Chest roentgenograms show 
only minimal interstitial infiltrations and, possibly, bronchiectasis in the anterior segment of the right 
upper lobe (arrows). Sweat test was, nonetheless, positive. 


thorax and hemoptysis, rarely occur before 
puberty. Cor pulmonale, in particular, 1s 
an accompaniment of late disease and, 
likewise, tends to be more common in the 
older age group. The importance of recog- 
nizing right heart failure resides in the fact 
that it so often precedes death. The mini- 
mal incidence of pleural effusion or empy- 
ema at all ages reflects the remarkable 
resistance of patients with cystic fibrosis 
to the respiratory pathogens they carry. 
Interestingly, neither of the 2 patients in 
the present series who developed effusions 
had advanced disease. 


DIFFERENTIAL DIAGNOSIS 


A young adult with chronic pulmonary 
disease should bring to mind the possibility 
of cystic fibrosis. The diagnosis is supported 
by the presence of a cystic or interstitial 
process preferentially involving the upper 
and mid lung fields, and may be confirmed 
by chlorides in excess of 80 mEq./l. on 
sweat test. Pancreatic and gastrointestinal 
abnormalities are helpful but not a sine 
qua non in making the diagnosis. 


On observing such roentgen findings one 
must rule out a number of other possibili- 
ties, prominent among which are tubercu- 
losis end chronic bronchitis. The other en- 
tities listed in Table 111 are also chronic and 
predominantly interstitial disease processes. 
However, in none is bronchiectasis a major 
feature. and, in none, excepting chronic 
asthma and silicosis, does cor pulmonale 
commonly occur. 

The so-called “dirty chest” often associ- 
ated w th asthma and chronic bronchitis 
may simulate mild cystic fibrosis, but 
would aardly be confused with the more 
advarced stage of the disease demon- 
strating irregular, coarse interstitial in- 
filtrates. Tuberculosis poses the biggest 
problem in the differential diagnosis. How- 
ever, widespread, irregular infiltrates in 
the absence of cavitation, calcification and 
effusion should rule out an acid fast infec- 
tion. _m our experience, tuberculosis occurs 
quite rzrely in patients with cystic fibrosis. 


SUMMARY 


Cystic fibrosis is no longer rare in adults. 
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TABLE III 


DIFFERENTIAL DIAGNOSIS DF PULMONARY CYSTIC FIBROSIS IN ADULTS 
SOOO 


Disease Similarity 
Tuberculosis Upper lobes 
Chronic asthma with | Hyperinflation 
bronchitis 
Silicosis Upper lobes; pleural involve- 
ment minimal 
Sarcoidosis Pleural involvement rare 


Honeycombing, upper lobes; 
pneumothorax 
Variable patterns 


Histiocytosis X 


Connective tissue 
disease 


Contrast 





Less unifo-m and diffuse; calcifies and cavitates; 
effusion 

Infiltrates less prominent, more uniform, not 
"cystic" 

More nodilar and often conglomerate infiltrates; 
eggshell ailar calcification 

More chamgeable, nodular and localized; para- 
tracheal lymph nodes 

More unifarm and nodular; hila not enlarged 


More often basilar and alveolar 





The lung is the main target organ and the 
basic lesion is bronchial obstruction leading 
to bronchiectasis. Interstitial infil-rates 
and cyst-like changes are characteristic 
on roentgenography. 

Complications include pulmonary hyper- 
tension, pneumonitis, hemorrhage, and 
pneumothorax. 

Little correlation exists between respira- 
tory tract and pancreatic and gastro- 
intestinal involvement, despite similzrities 
in pathogenesis. 

Pulmonary cystic fibrosis in adults does 
not always resemble the condition in chil- 
dren, and must be differentiated from other 
chronic interstitial diseases.* 


Emanuel E. Schwartz, M.D. 
Department of Diagnostic Radiology 
Hahnemann Medical College 

and Hospital 
230 North Broad Street 
Philadelphia, Pennsylvania 19102 
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* Since submitting this paper for publication we have con- 
firmed the diagnosis of cystic fibrosis in 3 additional adults, 
thereby raising the total number to 58. 
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THE ADULT RESPIRATORY DISTRESS SYNDROME* 


By NORMAN JOFFE, M.D. 


BOSTON, MASSACHUSETTS 


HE term "adult respiratory distress 

syndrome” is used to describe a serious 
and often fatal condition which may de- 
velop in any patient subjected to severe 
trauma, major surgery or critical ill- 
ness,'1?47:12,20,30 While the precise etiology 
of the primary pulmonary injury remains 
obscure, the syndrome presents a character- 
istic clinical, roentgenologic and pathologic 
picture which has been described under a 
variety of terms largely determined by the 
particular predisposing situation, or the 
clinical or pathologic bias of the author. 
Some of the more commonly used syno- 
nyms for this syndrome are listed in 
Table 1. 

The incidence of this respiratory distress 
syndrome appears to have increased dra- 
matically in recent years. While this may 
be partly due to the wider availability of 
modern techniques for the recognition of 
respiratory failure, it is probably mainly a 
reflection of the success of sophisticated 
resuscitation procedures which permit sur- 
vival of many patients who previously 
would have died earlier following massive 
trauma, major surgery or critical medical 
illness. Recognition of the syndrome is of 
major concern to all involved in the man- 
agement of patients in an intensive care 
unit, and the radiologist is an important 
member of this team. 

The present communication is essentially 
concerned with a discussion of the adult 
respiratory distress syndrome with empha- 
sis on the roentgenologic aspects ef this 
entity and is based upon a review of the 
findings in 75 cases seen during the years 


1968 to 1973 (Table 11). 
CLINICAL FEATURES 


The clinical presentation and course are 
relatively constant and predictable. Ini- 


TABLE I 


SYNONYMS FOR THE ADULT RESPIRATORY 
DISTRESS SYNDROME 








Shock lung 

Post-traumatic pulmonary insufficiency 

Hemorrhagic lung syndrome 

Stiff lung syndrome 

Solid lung syndrome 

Adult hyaline membrane disease 

Respirator lung 

Congestive atelectasis 

Progressive pulmonary consolidation 

Pump lung 

Post-transfusion lung 

Transplant lung 

Post-perfusion lung 

"Respiratory insufficiency associated with oxygen 
toxicity, fat embolism syndrome and disseminated 
intravascular coagulation 





tially, there is a period of severe shock or 
extensive tissue injury resulting from a 
variety of causes such as massive trauma, 
hemorrhage, major surgery, sepsis or burns 
followed by successful resuscitation. This, 
in turn, is followed by a latent period of 
variable duration, which may last for sever- 
al hours or days but is generally in the 
region of 12 to 24 hours, at which time 
clinical evidence of the respiratory prob- 
lem becomes manifest with the develop- 
ment of tachypnea, dyspnea and cyanosis 
accompanied by a decrease in the arterial 
oxygen tension. Initially the lungs are dry 
to auscultation and tracheobronchial se- 
cretions are minimal. Despite the institu- 
tion of assisted or controlled ventilation, 
there is frequently a progressive diminution 
in arterial oxygenation and lung compliance 
requiring high oxygen concentrations in the 
Inspired gas mixture and high ventilator 
pressures. Secondary pulmonary sepsis is 
common and a fatal outcome is not un- 
usual. More recently, with the earlier recog- 


* From the Department of Radiology, Beth Israel Hospital and Harvard Medical School, Boston, Massachusetts. 
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SUMMARY OF FINDINGS IN 75 PATIENTS WITH ADULT RESPIRATORY DISTRESS SYNDROME 








Clinical Features 


Roentgenologic Findings 


Pathologic Findings 





Primary insult 
Resuscitation 
Latent period 


Onsetofclinical symptoms, tachyp- 
nea, dyspnea, cyanosis, hypoxia 


Progression of clinical symptoms 
and hypoxia requiring assisted 
ventilation 


Persistent arterial oxygen desat- 
uration, progressive loss of 
lung compliance, arteriovenous 
shunting 


As above with onset of fever. In- 
creased tracheobronchial secre- 
tions, rigors and rapid downhill 
course 


Normal, ?Interstitial edema 


First definite changes patchy, ill- 
defined bilateral densities 


Increase in extent and cozlescence 
of bilateral densities without 
pleural effusion 


Diffuse bilateral opacification of 
lungs frequently with abscesses, 
pneumothorax and/or pn2umo- 
mediastinum 


Vascular congestion, interstitial 
edema 

Progressive congestion, interstitial 
edema, foci of intra-alveolar 
edema and hemorrhage 

More diffuse intra-alveolar edema 


and hemorrhage 


Solid lungs, thickened alveolar 
septa, hyaline membranes 


Prominent hyaline membranes, in- 
flammatory changes, microab- 
scesses or gross necrosis, fibrosis 


nition of this syndrome, and the application 
of continuous positive pressure breathing 
with positive end expiratory pressure 
(PEEP), there has been an improved prog- 
nosis with reversal of the pulmonary lesion 
and clinical recovery in many patients. 


PATHOLOGIC FINDINGS 


The pathologic changes found at autopsy 
are relatively constant and stereo- 
typed,?:??^/5 and depend to a large degree 
on the duration of the pulmonary in- 
sufficiency prior to death as well as the 
therapeutic procedures adopted. If death 
occurs within 24 to 48 hours following the 
onset of the clinical syndrome, the lungs 
are found to be heavy, airless and grossly 
hemorrhagic, commonly described as 
“beefy” or “liver-like.” Microscopically, 
there is marked capillary congestion, inter- 
stitial edema, foci of intra-alveolar edema 
and hemorrhage and micro-atelectases. If 
death occurs after a period of 5 to 7 days, 
the lungs appear less hemorrhagic, exhibit- 
ing a grayish color, but are again noted to 
be heavy, solid and airless. Microscopically, 


there :s evidence of hypertrophy and hyper- 
plasia of the alveolar lining cells with 
prominent hyaline membranes lining the 
alveolar ducts and sacs and intra-alveolar 
proteinaceous or fibrinous deposits. If the 
patient survives more than 1-2 weeks, 
there is usually fibroblastic proliferation 
involvirg both the alveolar and interstitial 
tissues and almost invariably evidence of 
seconcary pulmonary infection superim- 
posed on the basic pathologic picture de- 
scribed above. Since the pulmonary sepsis 
is commonly due to hospital- acquired gram 
negative bacteria, there is frequently evi- 
dence of gross tissue necrosis or micro- 
abscesses. 


ROENTGENOLOGIC FINDINGS 


These tend to be constant and stereo- 
typed in nature, following a more or less 
predictable pattern." Correct interpreta- 
tion o* she roentgen changes obviously de- 
mands recognition by the radiologist of the 
existemce of this syndrome as a distinct 
entity and is only possible if the relatively 
nonspeaific findings on any single roent- 
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Fic. 1. A 69 year old white female presented 
with acute abdominal pain, bloody diarrhea 
and shock. Surgical resection of several feet of 
ischemic, gangrenous small bowel was per- 
formed. A preoperative chest roentgenogram 
showed cardiomegaly with left ventricular 
predominance and clear lungs. Approximately 
12 hours postoperatively, the patient de- 
veloped severe respiratory distress with 
hypoxemia. 

(4) Chest roentgenogram obtained soon 
after onset of respiratory symptoms reveals 
minimal plate-like atelectasis at left lung base 
but otherwise clear lungs. (B) Respiratory 
distress persisted with reduced arterial oxygen 
tension, and a chest roentgenogram made 12 
hours after onset of respiratory difficulty now 
reveals patchy, ill-defined bilateral pulmonary 
densities without pleural effusion or change in 
heart and pulmonary vasculature. (C) Chest 
roentgenogram 36 hours after onset of -espira- 
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tory distress reveals marked extension and coalescence of pulmonary densities. Death occurred ap- 


proximately 12 hours after this roentgenogram. 


genogram are strictly related to: (1) the 
appropriate clinical setting (respiratary dis- 
tress occurring in a patient subjected to a 
period of shock from whatever cause, fol- 
lowed by successful resuscitation and a 
latent period); (2) the specific clinical 
findings at the time of the chest roentgeno- 
gram; and (3) the sequential changes ob- 
served on serial chest roentgenograms. If 
these criteria are strictly applied, a distinct 
roentgen pattern emerges (Fig. 1, ÆE; 2, 
A-D; and 3, A-F). In all patients there is a 


delay in the appearance of roentgen changes 
following the onset of clinical symptoms. 
Almost mvariably the initial chest roent- 
genogram, obtained at a time when marked 
tachypnea, dyspnea and cyanosis are clini- 
cally evident, appears normal (Fig. 14). 
In a patient in the appropriate clinical 
setting this finding in itself is an important 
early clue to the diagnosis, since massive 
pulmonary embolism without infarction is 
possibly the only other condition likely to 
present with a similar combination of 
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Fic. 1. (D) Autopsy specimen of lung showing solid, “‘liver-like” appearance. Both lungs were heavy, airless 
and grossly hemorrhagic. (E) Microscopic examination reveals capillary congestion, interstitial edema and 


foci of intra-alveolar edema and hemorrhage. 


clinical and roentgenologic findings. Oc- 
casionally, there may be roentgen evidence 
of interstitial edema on the initial roent- 
getiogram, but, in the author's experience, 
this is very uncommon. In a careful retro- 
spective review, unequivocal roentgen evi- 
dence of interstitial edema, especially 
Kerley lines, was identified in only 5 of the 
75 cases. The first definite roentgen ab- 
normality generally appears about 12 to 
24 hours after the onset of the clinical syn- 
drome and consists of patchy, ill-defined, 
bilateral pulmonary densities (Fig. 1B; 
and 3B). These may resemble pulmonary 
edema, but are not accompanied by clinical 
evidence of heart failure or roentgen evi- 
dence of change in heart size and pul- 
monary vasculature or pleural effusions. 
If digitalis and/or diuretics are adminis- 
tered there is no rapid improvement in the 


roentgen picture. Instead, concomitant 
with 2 progressive diminution in the ar- 
terial oxygen tension, there 1s a gradual or 
relatively rapid increase in the extent of 
the pulmonary densities (Fig. 1C), and if 
death occurs within 24 to 48 hours, path- 
ologic examination reveals heavy, airless, 
“livertixe” lungs (Fig. 1D) with micro- 
scopic evidence of capillary congestion, 
interstitial edema and foci of intra-alveolar 
edema and hemorrhage (Fig. 1E). If the 
patient survives longer, serial chest roent- 
genograms reveal further extension and 
coalesceace of the bilateral pulmonary 
densites which exhibit a predominantly 
"alveclar" pattern (Fig. 25). If death 
occurs after § to 7 days, pathologic exami- 
nation reveals heavy, solid, grayish lungs 
(Fig. 2C) with microscopic evidence of 
prominent hyaline membranes, hyperpla- 
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Fic. 2. A 65 year old female involved in an automobile accident sustained severe abdominal injury with 
ruptured spleen, pelvic fractures and severe shock. Admission chest roentgenogram revealed clear lungs 
and old, healed fractures of right sth and 6th ribs. Approximately 18 hours following laparotomy and 
splenectomy, severe respiratory distress developed. An initial chest roentgenogram was normal. 

(4) Repeat chest roentgenogram approximately 12 hours after onset of respiratory symptoms reveals 
bilateral ill-defined patchy densities. Controlled mechanical ventilation was instituted without clinical 
response. Progressive diminution in arterial oxygen tension and lung compliance with development of 
arteriovenous shunting required high oxygen concentrations in inspired gas mixture. There was a gradual 
increase in extent and coalescence of the densities. (B) Chest roentgenogram 7 days later reveals total 


bilateral opacification of lungs. 


sia of the alveolar lining cells and intra- 
alveolar fibrinous exudate (Fig. 2D). After 
about 7 to 10 days the radiologist’s main 
concern 1s directed towards recognition of 
complications. These include pulmonary 
oxygen toxicity, secondary pulmonary sep- 
sis, pneumomediastinum and pneumo- 
thorax. 


PULMONARY OXYGEN TOXICITY 


There is abundant experimental evi- 
dence to indicate that the prolonged ad- 
ministration of highly concentrated oxy- 
gen is harmful to the lungs of a variety of 
laboratory animals.!° Studies in man have 
been largely confined to observations on 
healthy volunteers" or retrospective analy- 
sis." While few prospective studies in 
humans are available and the conclusions 
in these somewhat conflicting, there is, 
nevertheless, general agreement that the 
prolonged administration of oxygen in high 
concentration 1s likely to result in severe 
lung injury. Although oxygen toxicity can- 
not be implicated as the cause of the initial 


pulmonary insult in patients with the adult 
respiratory distress syndrome, it may well 
aggravate the pulmonary damage when 
used in concentrations in excess of 50 to 60 
per cent for prolonged periods. Roent- 
genologic abnormalities associated with 
pulmonary oxygen toxicity have been 
described in both infants? and adults.1?.15 
In patients with the adult respiratory dis- 
tress syndrome, the administration of high 
concentrations of oxygen may account for 
a worsening roentgenologic picture and 
any progressive increase in the extent of 
the pulmonary densities should alert the 
radiologist to the possibility of oxygen 
toxicity. Since the roentgenologic changes 
per se are relatively nonspecific, the possi- 
bility of pulmonary oxygen toxicity should 
only be considered when there is a strict 
correlation of the roentgen changes with 
the mode of therapy employed. 


PULMONARY SEPSIS 


Secondary bacterial infection of the 
lungs is a frequent complication in patients 
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Fic. 2. (C) Gross specimen of right lung at autopsy examination. Both lungs were heavy, airless, grayish in 
color and uniformly solid. (D) Photomicrograph showing thickened alveolar septa with prominent hyaline 


membranes and intra-alveolar fibrinous exudate. 


with the adult respiratory distress syn- 
drome who survive more than 7 to Io 
days.7?' [n the vast majority of cases 
infection 1s due to hospital-acquired gram 
negative organisms. In our experience! 18 
Pseudomonas aeruginosa is by far the com- 
monest offender, either alone or in combi- 
nation with Klebsiella, Aerobacter and 
Proteus. Fungal infections are much less 
common, but may be a late manifestation 
in some instances, especially when multiple 
broad-spectrum antibiotics and cortico- 
steroids have been administered. While 
various sites such as skin wounds, burns, 
the urinary tract and vascular catheters 
may provide the source for organisms, secon- 
dary bacterial invasion of the lungs in these 
patients generally results from coloniza- 
tion of the trachea and is most likely to 


occur after a tracheostomy has been per- 
formed. Knowledge of this background 
setting should alert the radiologist to the 
likelihood of secondary bacterial infection 
as a cause for further deterioration in the 
roentgenodlogic picture. The changes ob- 
served ma consist of: (1) a progression in 
the extemt of the alveolar pulmonary in- 
filtrates (Fig. 3C) associated clinically with 
the development of fever, chills, increased 
tracheal secretions, polymorphonuclear 
leukocytcsts and repeated positive cultures 
of the offending organism from the tracheal 
aspirate; (2) the development of abscess 
cavities.* This represents the most defini- 
tive roentzenologic sign of super-added 
pulmonary infection (Fig. 3C) and is not 
uncommon in gram negative bacterial 
pneumonias. The cavities may be small or 





A 


Fic. 3. A 71 year old female with ruptured ab- 
dominal aortic aneurysm and severe shock. 
Preoperative chest roentgenogram was nor- 
mal. Approximately 18 hours after surgery 
patient developed severe respiratory distress 
with hypoxemia. 

(4) Chest roentgenogram 18 hours after 
onset of respiratory problem reveals plate-like 
atelectasis at right lung base. (B) Chest 
roentgenogram 12 hours later reveals ill- 
defined densities in both lower zones. Despite 
mechanical ventilation, arterial oxygen de- 
saturation persisted and was accompanied by 
an increase in the extent of the densities. 
Fever, chills, increased tracheobronchial se- 
cretions and polymorphonuclear leukocytosis 
developed. Repeated cultures of the tracheal 
aspirate produced Pseudomonas aeruginosa. 
(C) Chest roentgenogram 12 hours prior to 
death reveals diffuse consolidation with ab- 
scess Cavities in right lung and less extensive 
changes on the left side. 


large, single or multiple; (3) a mottled or 
nonhomogeneous appearance of the diffuse 
lung consolidation (Fig. 4, 4 and B). While 
this finding may be produced by any pe- 
ripheral air-space consolidation which is 
superimposed on chronic obstructive lung 
disease—the so-called "'swiss-cheese" ap- 
pearance—its development in lungs which 
were previously normal or the site of 
homogeneous opacification should arouse 
strong suspicion of secondary gram nega- 
tive bacterial pneumonia, especially that 
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due to Pseudomonas aeruginosa. At autop- 
sy, such lungs generally exhibit numerous 
necrotic nodules (Fig. 3D) or widespread 


micro-abscesses; (4) the development of 
pleural effusion (empyema). The diffuse 
pulmonary densities which occur in pa- 
tients with the adult respiratory distress 
syndrome are characteristically unaccom- 
panied by pleural effusions, and the de- 
velopment of a pleural effusion should raise 
the possibility of a complication such as 
pulmonary infection with empyema, pul- 


726 Norman Joffe DECEMBER, 1974 





- 


e 


Fic. 3. (D) Autopsy specimen of lung showing numerous necrotic nodules within diffusely consolidated, 
airless lung. (E) Microscopic examination reveals large area of r ecrosis (arrows), thickened alveolar septa, 


hyaline membranes and fibroblastic proliferation. (F) High power photomicrograph showing diffuse in- 
filtrate of polymorphonuclear cells in addition to the basic pettologic picture seen in Figure 2D. 


monary embolism with infarction or cardiac such c prominent feature in the adult 
failure. respiratory distress syndrome, high ventila- 
tor pressures are often required to obtain 
satisfactory arterial oxygenation. While 
pneumomediastinum and pneumothorax 
Since loss of compliance of the lungs is are well recognized complications of inter- 


PNEUMOMEDIASTINUM, PNEUMOTHORAX AND 
INTERSTITIAL PULMONARY EMPHYSEMA 
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Fic. 4. (4) Note mottled, non-homogenecus pattern of pulmonary densities commonly seen with gram 
negative pneumonia. Compare with (B) which shows uniform, homogeneous opacification produced by 
alveolar pulmonary edema or various pneamonias not due to gram negative organisms. Changes seen in 4 
may, however, be produced by any per pheral air-space consolidation superimposed on severe chronic 


obstructive lung disease. 


mittent positive pressure breathing m these 
patients, there has been a marked increase 
in the incidence of pneumomediastinum 
and pneumothorax following the in--oduc- 
tion and widespread use of con-nuous 
positive pressure ventilation with PEEP. 
The possibility of pneumothorax, es»ecial- 
ly tension pneumothorax, should zlways 
be considered when there is a sudden 
marked deterioration in the patient’s con- 
dition (Fig. 5). Interstitial pulmonary 
emphysema may accompany or precede 
the pneumomediastinum or pneumotnorax. 
Because of the diffuse opacification of the 
lungs in the adult respiratory distress syn- 
drome, interstitial pulmonary emphysema 


may be clearly visible as it produces numer- 
ous rounded or irregular radiolucencies 
within the diffusely consolidated areas and 
is sometimes associated with fairly large 
subpleural air "cysts" (Fig. 6, 4-C; and 7, 
A and B). Such air cysts may be transient 
in nature, tending to resolve rapidly, but 
occasionally they may continue to expand 
and give rise to large tension cavities (Fig. 
7B). Roentgenologic recognition of inter- 
stitial pulmonary emphysema is important, 
as it is often a sign of impending pneumo- 
mediastinum and/or pneumothorax (Fig. 
6C). It may simulate the mottled radio- 
densities and radiolucencies produced by 
gram negative pneumonias, or, when ex- 
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Fic. 5. Patient with the adult respiratory distress 
syndrome following drug overdosage developed 
sudden, marked deterioration following institution 
of continuous positive pressure breathing with 
positive end expiratory pressure. Note right-sided 
tension pneumothorax in addition to bilateral 
pulmonary opacification. 


tensive and occurring within a diffusely 
consolidated area, may give rise to a false 
impression of roentgenologic improvement 
at a time when there is clinical evidence of 
deterioration in the patient’s condition 


(Fig. 6C). 





5 


Fic. 6. A 28 year old male with acute respiratory dis- 
tress following acute hemorrhagic pancreatitis. 
Serial chest roentgenograms revealed progressive 
opacification of both lungs. 

(4) Localized view of the left lung 3 days after 
institution of continuous positive pressure ventila- 
tion and positive end expiratory pressure showing 
diffuse pulmonary density associated with small 
radiolucencies suggestive of interstitial pulmonary 
emphysema. (B) Same lung 24 hours later showing 
development of large subpleural air cyst (arrows) 
in lingula. (C) At 36 hours there is extensive inter- 
stitial pulmonary emphysema in the lower zone 
giving the false impression of clearing of consolida- 
tion. In addition there is now mediastinal and 
subcutaneous emphysema. Note lateral displace- 
ment of calcified lymph node. The air cyst (arrows) 
is still present and the left lobe is now totally 
opacified. 
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ROENTGENOLOGIC DIFFERENTIAL 
DIAGNOSIS 


A fairly large number of conditions may 
be responsible for acute respiratory distress 
in patents who have been subjected to 
massive trauma, major surgery or critical 
medical illness. These include: pulmonary 
edema secondary to cardiac failure; over- 
zealous intravenous fluid administration or 
head 1 injury; massive aspiration; pulmonary 
contusion or hemorrhage; primary infec- 
tion of tre lungs; atelectasis due to mucus 
plugs or blood; pulmonary thromboem- 
bolism. tat embolism; and pneumothorax. 


A 
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Fic. 7. A 30 year old female developed acute respirato 
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ry distress with peritonitis and shock following self- 


induced abortion. Three days after the institution of continuous positive pressure breathing and positive 
end expiratory pressure the patient develcped bilateral pneumothoraces. 

(4) Chest roentgenogram after introduction of bilateral chest tubes shows diffuse opacification of lungs 
and residual left-sided pneumothorax. Not large air cyst (arrows) in left lower lobe. (B) Chest roentgeno- 
gram 48 hours later showing small residual left pneumothorax, subcutaneous emphysema and marked 


expansion of air cyst (arrows) in left lower obe. 


Some of these conditions such as pneumo- 
thorax and atelectasis generally ofer no 
roentgenologic diagnostic problem. 

‘The more important conditions to be 
considered in the roentgenologic diferen- 
tial diagnosis of the adult respiratory dis- 
tress syndrome are: 

(1) Pulmonary edema. The roen-geno- 
logic changes produced by acute pulmonary 
edema may be indistinguishable from -hose 
observed in the adult respiratory d:stress 
syndrome. Differentiation is largely based 
upon a correlation of the clinical and -oent- 
genologic findings and the response to 
therapy. Acute pulmonary edema is char- 
acterized by its variability and rapid 
change in extent and distribution cf the 
pulmonary densities with therapy or 
change in position of the patient, wl ereas 
in the adult respiratory distress syncrome 
there is generally a progressive increzse in 
the extent of the pulmonary densities de- 
spite treatment for pulmonary ecema. 
Serial chest roentgenograms are frequently 
necessary in order to make the differentia- 
tion. The presence of cardiomegaly, pul- 
monary vascular engorgement and pkural 
effusion will favor a diagnosis of pulmonary 


edema. 

(2) Massive aspiration. Acute respira- 
tory distress associated with roentgenologic 
evidence of bilateral pulmonary densities 
may occur as a result of the massive aspira- 
tion of blood or acid gastric contents, es- 
pecially in patients who are comatosed or 
semi-comatosed as a result of trauma, sur- 
gery or medical illness. However, the pul- 
monary densities are almost invariably 
present on the initial chest roentgenogram 
(Fig. 8) and this finding taken in conjunc- 
tion with the appropriate clinical history 
will usually indicate the correct diagnosis. 
If the roentgenologic abnormalities appear 
relatively late in the course of the clinical 
syndrome and after the patient has been 
intubated with a cuffed endotracheal tube, 
it is unlikely that massive aspiration 
can be held responsible for the roentgen 
changes. 

(3) Primary pulmonary infection. Local- 
ized unilateral infiltrates due to primary 
pulmonary infection generally provide no 
difficulty in differential diagnosis. Bilateral, 
patchy or confluent pulmonary densities 
may be produced by a variety of primary 
pneumonias. The diagnosis is generally 
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Fic. 8. A 56 year old alcoholic male was transferred 
to the intensive care unit with a history of acute 
gastrointestinal hemorrhage, vomiting and respira- 
tory distress. 

Chest roentgenogram reveals an elevated left 
hemidiaphragm secondary to gas-distended bowel 
and bilateral ill-defined pulmonary densities. The 
history and the presence of the densities on the 
initial chest roentgenogram strongly suggest a 
diagnosis of massive aspiration. Note absence of 
nasogastric and endotracheal tubes. 


established by a correlation of the roent- 
genologic findings with clinical evidence of 
fever, sputum production, laboratory data, 
culture of the organisms from the sputum 
and response to antibiotic therapy. Secon- 
dary bacterial infection of the lungs is very 
common in the adult respiratory distress 
syndrome but it generally develops rela- 
tively late in the course of the syndrome 
and its roentgenologic aspects have been 
previously discussed. 

(4) Pulmonary contusion and hemorrhage. 
Contusion of the lung secondary to direct 
trauma may produce roentgen evidence of 
pulmonary densities. Diagnosis is based 
upon the history of trauma and the local- 
ized nature of the densities which are 
usually present on the initial chest roent- 
genogram or appear very soon thereafter, 
and which tend to clear relatively rapidly. 
Severe blast or crush injuries of the thorax 
may result in diffuse, bilateral pulmonary 
densities secondary to hemorrhage and/or 
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edema. Such cases may proceed with a 
clinical and roentgenologic course identical 
to tha- seen in the adult respiratory dis- 
tress syndrome secondary to nonthoracic 
traumz. 

(s) Pulmonary thromboembolism. The 
bed-ricden injured, post-surgical or criti- 
cally ill patient is not only a prime candi- 
date fo- the development of the adult 
respirz tory distress syndrome but also faces 
the hazards of phlebothrombosis and pul- 
monary embolism. This possibility should 
alwavs be considered when respiratory dis- 
tress develops in such a patient. Pulmonary 
embol «n without infarction may be associ- 
ated with an essentially normal chest 
roentgeaogram and thus constitutes the 
most important differential diagnostic pos- 
sibility in the early phase of the adult 
respiratory distress syndrome. Careful scru- 
tiny of the initial chest. roentgenogram 
obtained following the onset of respiratory 
distress may reveal one or more areas of 
pulmonary oligemia with or without as- 
sociated dilatation of the right ventricle 
and main pulmonary artery segment. In 
such cases a radionuclide lung scan and/or 
pulmorary angiogram may be required for 
confirmation or exclusion of pulmonary 
thromboembolism. If infarction occurs as a 
result of thromboembolism, the chest 
roentzenogram is likely to reveal one or 
more pleural-based densities associated 
with rleural effusion and in such cases 
differentiation from the adult respiratory 
distress syndrome 1s generally not difficult. 

(6) “at embolism. Pulmonary fat em- 
bolism may give rise to a clinical syndrome 
of respiratory insufficiency indistinguish- 
able fom the adult respiratory distress 
synd-cme. While pathologic evidence of 
fat g obules in the pulmonary capillaries is 
common following major trauma,” the 
incidence of the clinical fat embolism syn- 
drome is much less frequent and there is 
still seme controversy regarding the exact 
pathophysiologic mechanism of pulmonary 
fat embolism. Recent studies??? suggest 
toxicity of free fatty acids as the primary 
causal factor producing damage to the 
capillary endothelium and alveolar septa 
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with resultant intra-alveolar hemorrhage, 
interstitial and intra-alveolar edema. A 
clinical background of major bone or soft 
tissue injury and a delayed onset of respira- 
tory distress following injury and resuscita- 
tion is common to both syndromes. The 
roentgenologic findings in pulmonary fat 
embolism are largely due to intra-alveolar 
hemorrhage and edema and as such consist 
of diffuse, bilateral ill-defined densities 
(Fig. 9) without pleural effusion and with 
a normal cardiac silhouette and pulmonary 
vascular pattern.? The densities have no 
specific distribution and are essentially the 
same as those seen in the adult respiratory 
distress syndrome. The diagnosis of the 
fat embolism syndrome is largely based 
upon a clinical complex consisting of a 
combination of pulmonary, systemic and 
neurologic symptoms and signs associated 
with a petechial rash, thrombocytopenia 
and the presence of fat in the urine. 


ETIOLOGY 


The precise etiology of the initial pul- 





Fic. 9. A 29 year old female sustained bilateral 
femoral and tibial fractures in an automobile acci- 
dent. Approximately 20 hours after immobilization 
of the fractures she developed respiratory distress 
with tachypnea, dyspnea and cyanosis. Soon there- 
after she became irritable, confused and stuporous. 
Physical examination revealed a petechial rash on 
the chest and neck and fat was noted in the urine. 

Chest roentgenogram shows extensive bilateral, 
pulmonary densities. 

Autopsy revealed extensive intra-alveo:zr edema 
and hemorrhage secondary to pulmonary fat 
embolism. 
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monary injury in patients with the adult 
respiratory distress syndrome is still un- 
determined and a detailed discussion of the 
various hypotheses is beyond the scope of 
the present paper. The stereotyped patho- 
physiologic changes which occur after 
many different causes suggest that either 
there is a common mechanism or the ability 
of the lung to react to different insults is 
very limited. Most workers feel that dam- 
age to the pulmonary microvasculature 
represents the initial change, but the exact 
site and causes are still disputed and have 
been variously ascribed to ischemic damage 
during shock, release of vasoactive sub- 
stances such as catecholamines, histamine, 
serotonin, prostaglandins, kinins or vaso- 
active peptides from injured tissues or 
blood constituents.^?* Some investigators 
are strong proponents of the theory that 
disseminated intravascular coagulation is a 
major contributory factor.5!^? Oxygen 
toxicity, surfactant deficit and overhydra- 
tion during resuscitation have also been 
incriminated, but, although all of these 
factors may play a role in aggravating the 
pulmonary damage, it is unlikely that they 
represent the initiating pulmonary insult 
in the adult respiratory distress syndrome. 


SUMMARY 


The term ''adult respiratory distress 
sy ndrome" is used to describe a serious and 
often fatal condition which may develop 
in any patient subjected to massive trauma, 
major surgery or serious medical illness. 

Despite the obscure nature of the pri- 
mary pulmonary insult, the syndrome pre- 
sents a constant and stereotyped clinical, 
roentgenologic and pathologic picture. 

In the present paper a brief outline of 
the clinical and pathologic features is given 
and the roentgenologic findings and differ- 
ential diagnosis are discussed in some detail 
with illustrative examples selected from a 
large series of cases seen during a 6 year 
period. 
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NARCOTIC ABUSE* 
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BALTIMORE, MARYLAND 


Les abuse has, within the past dec- 
ade, become a major medical and 
social problem. With the development of 
newer drugs, the clinical presentation and 
subsequent management of the overdose 
patient will present an even greater diag- 
nostic challenge. 

Although the field of toxicology has made 
notable advances, the physician in many 
circumstances will be unable to rely solely 
on this modality for a specific diagnosis in 
drug overdosage. The majority of hospitals 
are not equipped to perform these tests 
and, even if the equipment and personnel 
were available, the time lag in obtaining 
the results is not realistic with regards to 
the clinical situation. Also, laboratary val- 
ues may often be misleading due to pos- 
sible additive or synergistic effects, even if 
the individual drug is present in less than 
toxic levels. 

However, the chest roentgenogram is 
often the initial clue to the altered patho- 
physiology and reveals the cause of the 
patients respiratory difficulty. The purpose 
of this study 1s to document the lung roent- 
genographic changes associated with the 
various forms of drug abuse and to deter- 
mine to what extent the radiologist can aid 
the clinician in both the diagnosis and even- 
tual prognosis of these patients. 


MATERIAL AND METHOD 


We reviewed the admissions to our inten- 
sive care unit for drug overdoses during the 
period of 1970-1973. A total of 72 patient 
records was reviewed. All roentgenograms 
were interpreted independently by 2 staff 
radiologists. Clinically, pulmonary edema 


was established by the physicians observa- 
tions and/or auscultatory findings. Pa- 
tients were selected from this group if the 
following criteria were satisfied: (1) no 
complicating medical history, 7.e., conges- 
tive heart failure, convulsions, etc.; (2) 
adequate identification of drug used in 
overdose; (3) satisfactory clinical records; 
and (4) initial chest roentgenograms within 
1-2 hours of admission and adequate 
follow-up chest roentgenograms. 


RESULTS 
(Table 1) 

By applying the above criteria, 45 pa- 
tients were judged suitable for our study. 
Twenty-four were admitted with overdoses 
of barbiturates, tranquilizers and other 
sedatives. Their clinical presentation ranged 
from a mild respiratory depression and dull 
sensorium to an apneic, cyanotic and coma- 
tose condition. None of these patients had 
either clinical or roentgenographic signs of 
pulmonary edema on their initial chest 
roentgenogram or subsequent roentgeno- 
grams. Three patients presented with or 
developed clinical and roentgenographic 
signs of aspiration pneumonia which re- 
solved over a 3-10 day interval. 

The remaining 21 patients had docu- 
mented overdoses of heroin, solely or in 
combinztion with methadone. Eight of 
these patients (38 per cent), all of whom 
were initially apneic, had admission chest 
roentgenograms which demonstrated pul- 
monary edema. The pattern of pulmonary 
edema ranged from the classic "bat-wing" 
perihilar, alveolar appearance, to a promi- 
nent interstitial pattern. 


* From the Department of Radiology and Radiological Science,T$|| the Department of Environmental Medicine, and Director, 
Laboratory for Diagnostic Radiological Research,t The Johns Hopkins Medical Institutions, Baltimore, Maryland. 
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TABLE I 
RESULTS IN TOTAL OF 45 PATIENTS 
Dias No. of Pulmonary Edema Resolution E ON. IOF POA 
5 Patients Roentgenographically Clinically Time P 
Barbiturates, etc. 24 O O — Aspiration pneumonia (3) 
Heroin with or without 21 8 5 24-48 Bacterial and/or aspiration 
methadone hours pneumonia (3) 


Only 5 had substantial clinical findings 
to support the diagnosis of pulmonary 
edema, the remaining three having sugges- 
tive physical findings. Nevertheless, all 
8 patients showed roentgenographic resolu- 
tion of the pumonary edema within 24-48 
hours of admission (Fig. 1, 4 and B). 
Clinical improvement preceded the roent- 
genographic resolution in all patients. The 
3 patients who had only roentgenographic 
signs of pulmonary edema had definite 
clearing of their initial prominent inter- 
stitial pattern on subsequent studies. Three 
patients with clinical and roentgenographic 
evidence of pulmonary edema developed 
either a localized aspiration or bacterial 
pneumonia, although no diagnostic blood or 
sputum cultures were obtained. The roent- 
genograms of these patients showed gradual 
improvement over a period of 3-10 days, 
but the initial roentgenographic and florid 


clinical presentation of pulmonary edema, 
nevertheless, resolved within 24-48 hours. 
Central venous pressure (CVP) measure- 
ments wien recorded (2 of the 8 patients) 
were never above 5 cm. H;O. 


DISCUSSION 


The patient with a drug overdose, 
whether narcotic or non-narcotic, often 
presents clinically either comatose or semi- 
comatcse, with miotic pupils and a marked 
respiratory depression.* 97 Treatment fre- 
quently consists of the use of Nalline 
(nalorph ne hydrochloride) or Narcan 
(naloxone hydrochloride), oxygen therapy 
and intubation with mechanical ventila- 
tory assistance. The decision to use either 
Nalline or Narcan is clinically important. 
Althouzh both drugs may have dramatic 
awakening effects when used in heroin over- 
doses, Nalline can antagonize the respira- 








Fic. 1. Rapid clearing of pulmonary edema in a drug addict. (4) Anteroposterior supine chest roentgenogram 
taken on admission showing moderate pulmonary edema. (B) Upright posteroanterior chest roentgenogram 


taken 40 hours later. The chest is now normal. 
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tory depression in barbiturate and cocaine 
overdoses. 

Aspiration pneumonia occurs frequently 
in this clinical situation and is a result of 
an absent or decreased cough reflex due to 
the central nervous system (CNS) depres- 
sion. Pulmonary edema, which occurs in 
overdoses involving heroin, methadone and 
Darvon (propoxyphene hydrochloride), has 
many proposed etiologies, the more tenable 
being: (1) severe hypoxia; (2) increased 
capillary permeability secondary to a 
direct toxic effect on the endotheEal cell 
layer of the pulmonary capillaries: (3) 
myocardial stress secondary to either a 
direct toxic effect by a contaminant or to 
the severe hypoxia; (4) allergic or idio- 
syncratic reaction to the drug; er (s) 
hypersensitivity reaction to a contaminant. 

Considering increased capillary permea- 
bility secondary to a direct toxic effect, 
Frand and associates? have shown that 
the edema fluid obtained from some of 
these patients had a protein composition 
similar to plasma. Certain chemical poisons 
such as a-naphthyl thiourea, war gases 
and sodium deoxycholate can affect the 
capillary permeability. This results in in- 
creased protein in the edema fluid, sup- 
posedly by a direct toxic effect on the al- 
veolar-capillary membrane.!4 However, 
the finding of serum proteins in the edema 
fluid is not unique to these patients. It can 
be found, although in lesser amounts, in 
patients with pulmonary edema and secon- 
dary hypoxia from other causes, i.e., con- 
gestive heart failure. 

The finding of both a normal heart size 
on chest roentgenograms and normal to 
low central venous pressure measurements 
in the majority of patients with heroin 
and/or methadone induced pulmonary 
edema makes transient myocardial isch- 
emia or failure a less likely explanation.’ 

Considering Etiologies 4 and 5 together, 
the variables involved here are innumera- 
ble. Not only does the strength of heroin 
vary from supplier to supplier, area to 
area, season to season, but also the con- 
taminants involved in "cutting" the nar- 
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cotic such as quinine, lactose, talc, etc., 
vary in a similar manner. This contami- 
nant variation is supported by the ob- 
servation of a ‘“‘quinine-induced myo- 
carditis" noted in autopsies only in certain 
geographic areas of the country. Also, indi- 
vidual addict response may change quite 
markedly depending, for example, on 
whether he has recently abstained. This 
would lessen his tolerance for the drug on 
being re-challenged. Host response can also 
differ from day to day, reflecting the drug 
addict's tenuous nutritional and emotional 
status. The potential combinations of these 
factors create an enormous (if not impos- 
sible) task if one was to attempt to isolate 
the possible hypersensitive inducing agent. 

Halpern and Rho,’ in a large autopsy 
series performed on narcotic addicts, re- 
ported severe congestion in all organs ex- 
cept the CNS. Gardner’ reported similar 
autopsy findings in the lungs in acute 
deaths secondary to heroin and/or metha- 
done overdoses. The similarity between 
these findings and those in patients whose 
demise was secondary to an idiosyncratic 
reaction to a non-narcotic drug, 7.e., penicil- 
lin, suggests a common etiology. On the 
other hand, the autopsy findings in victims 
of drug overdose are not significantly differ- 
ent from those found on autopsies of pa- 
tients dying of any acute death.!? It is 
also generally believed that the pulmonary 
congestion and edema may actually be- 
come more intense as the time interval 
from death to autopsy is increased. The 
occurrence of pulmonary edema in metha- 
done overdoses, which is synthesized in a 
pure form and therefore contaminant free, 
combined with the lack of the usual clinical 
findings of a hypersensitive reaction in 
these patients, 7.e., laryngeal edema, wheez- 
ing, etc., militate against both the contami- 
nant and allergic etiologies. 

However, hypoxia is a common denomi- 
nator in all the proposed etiologies and can 
by itself produce all the clinical and path- 
ologic findings as described in the acute 
drug overdose deaths. The pulmonary 
edema experienced by persons exposed to 
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high altitudes is a combination of hypoxia, 
exercise and the individual’s vascular re- 
sponse, but the main factor is probably 
hypoxia.!®-*! Severe hypoxia can also cause 
increased capillary permeability and myo- 
cardial stress and/or transient failure. In 
regard to this, Frand e al.5 noted that the 
extent of hypoxemia in patients with 
heroin-induced pulmonary edema was 
greater than jn patients with pulmonary 
edema due to ischemic heart disease. They 
felt that this degree of hypoxemia may re- 
flect the extent of pulmonary edema, the 
heroin-induced hypoventilation, or both. 
How does one explain both the increased 
hypoxia and increased incidence of pul- 
monary edema? One factor may be the 
rapidity with which the hypoxia occurs, for 
example, via the intravenous administra- 
tion used by the heroin addict. This may in 
essence "shock" the lung and CNS and not 
allow for a compensatory mechanism to 
operate effectively and maximally. Pul- 
monary edema rarely occurs in the bar- 
biturate overdose patient who may hypo- 
ventilate to the same degree as the patient 
with narcotic overdose. The organs in- 
volved in the barbiturate overdoses have 
a relatively longer period of time to adjust 
to the initial but gradual insult due to the 
oral route of administration. If pulmonary 
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edema does occur in this latter group, it is 
usually due to an overzealous attempt to 
diurese these patients and a resultant 
volume overload. 

Another mechanism that may be evoked 
to explain the occurrence of the more 
severe hypoxemia and the increased inci- 
dence of pulmonary edema in the narcotic 
overdose patient is an effect by the drug at 
the alveolar-capillary level that hinders 
oxygen transport. We are presently per- 
forming experiments in our laboratory 
using mtravenous methadone in dogs to 
further evaluate this transport system. 

To date, we can only speculate concern- 
ing these various etiologies for the pul- 
monary edema associated with drug over- 
dose. No one (including ourselves) has been 
able tc reproduce these findings in the 
experimeatal animals, even under condi- 
tions of severe hypoxia. 

Besices pulmonary edema and aspira- 
tion preumonia, the chest findings may 
also reveal other roentgenographic features 
to which these patients are susceptible: 
(1) bac-e-1al pneumonia unrelated to coma 
or aspiration; (2) pulmonary septic emboli 
either secondary to a right-sided endo- 
carditis or an infected injection site, both 
of which are due to the unsterile conditions 
used (Fig. 2, 4 and B); (3) pulmonary 





Fic. 2. Sopii pulmonary emboli in a drug addict with bacteria tricuspid endocarditis. (4) Initial chest 
roentgenogram shows multiple, small scattered infiltrates, some with early cavitation. (B) Chest roent- 
genogram § days later showing a new shower of septic bulinajars emboli and the development of an 


empyema. 
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fibrosis, particularly in the long-term ad- 
dict; and (4) pulmonary talc granuloma- 
tosis secondary to the use of oral tablets 
injected intravenously, 7.e., Ritalin 
(methylphenidate ^ hydrochloride—USP) 
and "blue velvet."'* 

The combination of edema fluid as a 
culture medium, the inability of these pa- 
tients to normally expand their lungs, their 
propensity for aspiration and their gen- 
erally poor nutritional status can account 
for the frequent appearance of a superim- 
posed bacterial pneumonia.* The occur- 
rence of pulmonary fibrosis and talc 
granulomatosis can be explained by the 
type of contaminants used prior to injec- 
tion in "cutting" the drug, 7.e., quinine, 
talc, lactose etc., or in the filtering of it, i.e., 
cotton fibers, both of which may subse- 
quently gain access to the blood stream. 
Talc and starch are also used as fillers in 
medications manufactured for oral use and 
are, therefore, injected intravenously as in 
"blue velvet" addiction. Although gross 
evidence of these sequelae are infrequently 
detected roentgenographically, thev are 
very common findings histologically, 
especially in the chronic addict (Fig. 
3).^5111822 Clinical studies by Soin w al" 
have shown that asymptomatic narcotic 
addicts have a high incidence of abnormal 
lung scans, mainly consisting of diffuse, 
non-segmental defects. Studies by Karliner 
and co-workers^ on a similar group of 
asymptomatic long-term addicts have 
shown a significant reduction in diffusing 
capacity, which suggests that these pa- 
tients may suffer from functionally detect- 
able but clinically asymptomatic chronic 
lung disease. 

The findings in our study are similar to 
those previously reported, except for the 
lower incidence of pulmonary edema occur- 
ring in our group. This probably reflects 
the more stringent criteria used in selecting 
our patients. Also, one must realize that 
the incidence of pulmonary edema is prob- 
ably even lower since the majority of drug 


* “Blue velvet" is an expression used by the narcotic addict for 
tripelennamine (Pyribenzamine) with or without narcoties. 
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Fic. 5. Lung in a chronic drug addict. Arrow shows 
chronic granuloma in and surrounding small pul- 
monary arteries. Talc particles were demonstrated 
by polarized light. Cross-hatched arrow shows fiber 
(probably cotton) in another pulmonary artery. 
Note the surrounding pulmonary edema. (Au- 
topsy specimen, Hematoxylin and Eosin X 130.) 


abuse patients are never admitted to the 
hospital. Most studies essentially bias their 
findings in favor of pulmonary edema by 
studying this select group, 7.e., admission 
to Intensive care unit. Nevertheless, there 
is little doubt concerning the increased 
incidence of these complications in both 
the acute overdose patient and the chronic 
narcotic addict. 

Therefore, one can, with some confi- 
dence, establish general guidelines con- 
cerning the interpretation of these pa- 
tients' chest roentgenograms both in the 
acute and chronic situation: 

I. If the initial chest roentgenogram sug- 
gests pulmonary edema, one should very 
strongly suspect a heroin, methadone or 
Darvon overdose, either alone or in 
combination. Pulmonary edema rarely, 
If ever, 1s present on the admission chest 
roentgenogram of a non-narcotic over- 
dose. 

2. If the initial chest roentgenogram in a 
known narcotic overdose is clear or has 
an infiltrate, the radiologist should sug- 
gest a subsequent study to rule out the 
delayed occurrence of pulmonary edema. 
Heroin-induced pulmonary edema has 
been reported to occur 6-10 hours after 
admission.?: 

3. If a roentgenogram obtained 24-48 
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hours after admission shows an atypical 
pulmonary edema pattern, an aspiration 
or superimposed bacterial pneumonia 
should be suspected. Since narcotic- 
induced pulmonary edema has no dis- 
tinctive roentgenographic pattern and 
usually clears within 48 hours, other 
complications become more probable if 
the chest roentgenogram has not cleared 
within this time period. 

4. With a clinical history of spiking or 
high temperatures and a changing pul- 
monary pattern roentgenographically, 
septic emboli must be suggested. 

5. If the initial chest roentgenogram sug- 
gests pulmonary hypertension in a 
young individual, a clinical history in- 
volving the intravenous use of oral 
drugs should be sought and the possibil- 
ity of pulmonary talc granulomatosis 
then considered. 

In conclusion, the radiologist can make a 
significant contribution to the proper medi- 
cal management of the drug abuse patient 
if he is aware of the various complications 
that can occur and the general time se- 
quence that these complications may be 
manifest roentgenographically. 


SUMMARY 


The admissions for drug overdoses to 
the medical intensive care unit of our insti- 
tution for the past 3 years were reviewed. 
Forty-five patients were included in this 
study and separated according to the type 
of drug overdosage, clinical presentation 
and the presence of pulmonary edema. 

Only those patients that had taken an 
overdose of heroin and/or methadone had 
pulmonary edema either clinically or by 
chest roentgenography. Of the 21 patients 
who were treated for overdosage of one or 
combinations of these 2 drugs, 8 had pul- 
monary edema on their chest roentgeno- 
gram. However, only 5 out of the 8 patients 
had physical findings of pulmonary edema. 
All patients with pulmonary edema had 
clearing on the chest roentgenograms with- 
in 24-48 hours. 

Radiologists can make a significant con- 
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tribution in the diagnosis of the narcotic 
abuse »ztients, particularly in the acute 
overdose situation, by being aware of the 
temporal sequence of the roentgenographic 
manifestations. 


A. Everett2 James, Jr., Sc.M., M.D. 

Department of Radiology and 
Radio ogical Science 

The Johas Hopkins Hospital 

Baltimore, Maryland 21205 
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PNEUMOCONIOSIS: INTER-READER VARIABILITY IN 
THE CLASSIFICATION OF THE TYPE OF SMALL 
OPACITIES IN THE CHEST ROENTGENOGRAM* 

By H. E. AMANDUS, M.S., E. P. PENDERGRASS, M.D., J. M. DENNIS, M.D., 
and W. K. C. MORGAN, M.D. 


MORGANTOWN, WEST VIRG_NIA 


(oo workers’ pneumoconiosis is recog- 
nized by certain fairly distinctive 
roentgenographic appearances and a history 
of an appropriate occupational exposure. 
It is divided into 2 types, simple and com- 
plicated. The former is recognized by the 
extent and profusion of small opacities 
present in the chest roentgenogram.* These 
are divided primarily by their shape into 
regular and irregular types, and second- 
arily by their size. Regular opacities are 
thus designated according to their dimen- 
sions as either p, q, or r and irregular 
opacities as s, t, oru. The p type of opacity 
measures up to 1.5 mm. in diameter, the q 
between 1.5 and 3 mm. and the r beween 3 
and ro mm. In regard to irregular opaci- 
ties, no dimensions are given; however, the 
s type opacity is described as fine, t as 
medium, and u as coarse or blotchy. The 
extent of the inter-observer variation that 
occurs when films are being categorized for 
pneumoconiosis has been recognized for 
some time; nevertheless, most studies have 
restricted themselves to quantifying the 
variation that occurs in categorizing the 
profusion of small opacities rather than to 
quantifying that which occurs when dif- 
ferentiating the types into p, q, r and s, t, 
and u^ 

This study is an attempt to determine 
the degree of observer variation reported, 
when chest roentgenograms with pneumo- 
coniosis are being categorized according to 
the type of small opacity present. 


MATERIAL AND METHOD 


Over the past 5 years the Appalachiar 
Laboratory for Occupational Respiratory 


Diseases has been conducting a large epi- 
demiologic survey of the respiratory status 
of a sample of working coal miners. Be- 
tween I969 and 1971 over 9,000 miners 
had chest roentgenograms taken in the first 
round of examinations. The second round 
started in July, 1972 and is presently con- 
tinuing. Many of the participants have had 
films taken in both rounds. Four physicians 
have been involved in the interpretations 
of the films. Each used the UICC Classifi- 
cation; however, all 4 have not read the 
whcle set of films taken in both rounds. 
From the first round of examinations 
8,523 chest roentgenograms were selected 
while a further 929 were selected from the 
second round. Films read as complicated 
pneumoconiosis were excluded. In the first 
roand comparative readings were available 
from only 2 readers, C and D, but in the 
second round the sample was interpreted 
by C as well as by 2 other readers, A and B. 
Inter-reader variability was quantitated 
by computing the percentage of disagree- 
ments among readers according to the 
zype of opacity recorded. Readers A, B, 
C, and D were compared 2 at a time by 
cross-classifying their readings. For the 
reasons stated above, A and B could not 
be compared with D. An example of such a 
cross-classification is illustrated in Table 1 
for readers A and C. Those films in which 
which there were disagreements as to type 
are counted in the off diagonal cells. Films 
were designated as "negative," if small 
opacities were not found. This should not 
be taken to imply that all roentgenograms 
with small opacities were read as simple 
pneumoconiosis, since a small number of 


* From the Appalachian Laboratory for Occupational Respiratory Diseases, NIOSH, Morgantown, West Virginia, the Departments 
of Radiology, University of Pennsylvania and University of Mzryland, and the Department of Medicine, University of West Virginia. 
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TABLE | 
CROSS-CLASSIFICATION OF READER A VERSUS READER C 
ACCORDING TO TYPE OF OPACITY 
Reader A 
Neg Irregular Regular Irregular and Regular 
LI * MES 
mys t u p q r ps pt pu qs qt qu rs rt ru 
Negative* 548 33 4 4 148 2 I IO I 
2 1 I 2 3 I 2 

Irregular t 7 5 I I 18 2 I 

p 5 2 2 I3 I 
Regular q| r9 6 44 6 4 2 I 

r I I I 2 à 

ps I I 

pt 2 

pu 
Irregular qs 2 

and qt I 2 93 I 3 

Regular qu 

rs 

rt 

ru 





Of the 929 films read, 35 per cent lie in the off-diagonal cells, i.e., the bold faced numbers. 


* Roentgenograms in which small opacities were not found. 


the total sample was read as subcategory 


O/1. 
RESULTS 


The percentage of disagreements among 
readers in the classification of type is illus- 
trated in Table 11. It is apparent that the 
number of disagreements between C and D 
is enormous (86 per cent), between A and 
B moderate (38 per cent), between A and 
C moderate (35 per cent), and between B 
and C slight (19 per cent). 

Table 111 shows the percentage of films 
which were read as negative and positive; 
i.e. with and without small opacities. The 
positives are broken down into regular, 
irregular, and both regular and irregular 
small opacities for each reader. Readers A, 
B, and C classified the majority of roent- 
genograms as negative; in contrast, D read 
the majority as positive. Of the positive 
films, regular nodules were most frequently 


recorded by A, B, and C, while irregular 
opacities were most frequently recorded 
by D. 

Table rv contains the percentage of reg- 
ular opacities classified as p, q, or r. 
Readers A, B, and C assign type q more 
frequently than p or r. A reads it almost 
exclusively (g1 per cent), and B and C 
assigh 1t 73 and 53 per cent of the time, 
respectively. 


TABLE II 


PERCENTAGE OF DISAGREEMENTS BETWEEN READERS 
IN THE CLASSIFICATION OF THE TYPE OF OPACITIES 


Readers Per Cent 
2nd Round Sample 
A vs. B 38 
A vs. C 35 
Bei Ig 
Ist Round Sample 
C wD 86 
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TABLE III 


PERCENTAGE OF FILMS CLASSIFIED AS NEGATIVE* OR AS SHOWING THE PRESENCE OF REGULAR, IRREGULAR 
OR BOTH REGULAR AND IRREGULAR SMALL OPACITIES 








Reader Negative* Regular Irregular Both 

2nd Round Sample 

A 63 28 6 3 

B 85 5 5 5 

C 81 12 5 2 
Ist Round Sample 

C 82 10 6 2 

D 13 o. 47 39.5 





* Roentgenograms in which small opacities were not found. 


DISCUSSION 


The results of the study indicate that 
inter-reader variation in the classification 
of the type of small opacity present in the 
films showing pneumoconiosis is appreci- 
able. There is disagreement in a minimum 
of 1 out of 5 classifications and in a maxi- 
mum of 1 out of r.16. Although D almost 
never agrees with C (14 per cent), A, B, 
and C are not too dissimilar. The fact that 
D reads so many films as positive partly 
explains the inconsistencies between him 
and the other readers, but he also reports 
irregular opacities much more frequently. 
The average percentage of disagreements 
among A, B, and C is approximately 31 
per cent, or I out of 3. Although A, B, and 
C all read predominantly regular opacities, 
A differs from the others in the more fre- 
quent assignment of type q. 

Since the UICC Classification is used 
extensively to categorize chest films for 
coal workers' pneumoconiosis, the extent 
of the inter-observer variability that oc- 
curs with its use should be clearly appreci- 
ated. From previous studies, disagree- 
ments among readers as to the 4 major 


TABLE IV 


THE FREQUENCY OF VARIOUS TYPES OF SMALL 
ROUNDED OPACITIES ACCORDING TO READER 





Reader p (percent) g (per cent) r (per cent) 
A 4 9I 5 
B 27 53 20 
C 20 73 7 


categcries of profusion have been recorded 
in approximately 40 to 5o per cent of the 
roentgenograms."* When the elaborated 
I2 point scale is used, disagreement is 
even more frequent. Since there is a 40 per 
cent or more disagreement according to 
major category and a further 30 per cent 
according to the type of opacity, the use of 
a scale which combines profusion and type 
shouli lead to marked reader to reader 
variadon. Thus there are 3 regular and 3 
irregular type opacities which can be as- 
signed individually or in combination, 
with the result that there are 63 possible 
combinations in which small opacities may 
be classified. The 15 categories employed 
in Table 1 should be considered the most 
frequeat and could be combined with the 
UICC 12 point scale of profusion. With the 
exception of subcategories o/- and o/o the 
scale would consist of 15 type classifica- 
tions with each of the remaining ten pro- 
fusicn subdivisions, and this serves to 
emp zsize the possible inter-reader varia- 
tion and does much to explain the lack of 
conssstency found in this study. 

It has been suggested that progression 
of pmeumoconiosis should be measured by 
trying to assess separately the increases in 
small regular and small irregular opacities. 
Over-all progression would be the sum of 
the individual progression of the regular 
and irregular opacities considered sepa- 
rate y. If such a system is to be used, the 
plethora of possible combinations is bound 
to ead to undue inter-reader variability. 
On the other hand, if progression is re- 
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corded by estimating the combined in- 
crease of both opacities together, without 
trying to separate them, less variation 
should result. 

Whether it is important in coal workers’ 
pneumoconiosis to differentiate regular 
from irregular small opacities and to fur- 
ther subdivide them according to the size, 
Is at present unknown. There is some evi- 
dence that the r type of regular opacity has 
a different pathology from the other regu- 
lar opacities (p and q). Its etiology may be 
related to the presence of the rheumatoid 
diathesis.! In addition, miners with the p 
type of opacity have been shown to have a 
marginally lower diffusing capacity than 
do those with type q and r.” Nonetheless, it 
must be remembered that so far it has not 
been possible to show a pathologic distinc- 
tion between the p and q type of radio- 
graphic opacity. Further studies are needed 
before it can be claimed that there is any 
useful purpose served by attempting to dif- 
ferentiate between the various types of 
small regular opacities. 

Irregular opacities are observed much 
less frequently in coal workers’ pneumo- 
comosis than they are in certain other 
pneumoconioses, v/z. asbestosis. Moreover, 
while there is no doubt that they mav be 
seen in coal workers' pneumoconiosis, the 
assumption that their presence is a conse- 
quence of the inhalation of coal dust is 
much more debatable. Again, as yet there 
is no pathologic explanation for the pres- 
ence of irregular opacities in CWP; how- 
ever, there is some evidence to support 
that cigarette smoking rather than reten- 
tion of coal dust is responsible.” 


CONCLUSION 


The inter-observer variation that occurs 
in the differentiation of the various types 
of small opacities present in the ches- 
roentgenograms of working miners was 
quantified. In approximately 2 out of 3 
films there was disagreement as to the type 
of small opacities present. Since this varia- 
tion is appreciable, epidemiologic studies 
that depend on the differentiation of these 
types of opacity should involve a majority 
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opinion from several interpreters rather 
than relzing on 1 reader only. In addition, 
the rigid training of readers periodically by 
the sam? standards should help to keep 
this variation within acceptable limits. 

Finallv, the progression of coal workers' 
pneumoconiosis should be quantified by 
assessing simultaneously the combined in- 
crease of both regular and irregular opaci- 
ties. If p-ogression is to be independently 
determined for each type of small opacity 
and then summed to obtain the over-all 
progressicn, the procedure will almost cer- 
tainly leal to an unacceptable amount of 
inter-obse-ver variation. 


H. E. Amandus, M.S. 

Appalachian Laboratory for Occupational 
Respiratory Disease 

Department of Health, Education 
and Welfa-e 

Public Healta Service 

P.O. Box 49¢2 

Morgantown, West Virginia 26504 
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GALLIUM 67 CITRATE SCANNING IN PATIENTS 
WITH PULMONARY SARCOIDOSIS* 


By ATSUKO HESHIKI, M.D., SANFORD L. SCHATZ, M.D., KENNETH A. McKUSICK, M.D., C.M., 
D. WARD BOWERSOX, M.D., JAGMEET SINGH SOIN, M.B., B.S., and 
HENRY N. WAGNER, Jez., M.D. 


BALTIMORE, MARYLAND 


INCE the initial observation in 1969 by 
Edwards and Hayes! that gallium 67 
citrate accumulated in malignant neo- 
plasms there have been reports of its ac- 
cumulation in nonmalignant pulmonary 
lesions.?-41?-?? Tt has been suggested on the 
basis of a small series that there is a rela- 
tionship between the activity of pulmo- 
nary sarcoidosis and the uptake of gallium 
67 citrate? A decrease in lung uptake of 
gallium 67 citrate following steroid therapy 
in sarcoidosis and other nonmalignant dis- 
ease has been reported.?-* 
The present study consists of 29 patients 
with biopsy proven sarcoidosis. 


MATERIAL AND METHOD 


From September 1972 to March 1973, 
29 patients referred from the Sarcoidosis 
Clinic of Johns Hopkins Hospital had gal- 
lium 67 citrate scans. They were chosen on 
the basis of the following criteria: (1) the 
clinical course compatible with the diag- 
nosis of sarcoidosis; (2) histopathologic 
demonstration of noncaseating granulo- 
mata by tissue biopsy and/or biopsy of a 
Kveim reaction.’ All patients were Black. 
There were 20 females and 9 males, rang- 
ing in age from 20 years to 57 years, with a 
mean of 27.5 years. The patients received 
3.0 millicuries of gallium 67 citrate intra- 
venously and scans of an area extending 
from the nasion to the symphysis pubis were 
obtained 48 to 72 hours later. The scan- 
nings were performed with a rectilinear 
scanner having a 5 inch diameter sodium 
iodide crystal. Counts from 2 pulse height 
analyzers (PHA) were summed. The photo 
peaks were centered at go kev. and 242 
kev. with window of 20 kev. and 175 kev., 


respectively. The patients were scanned 
supine and counts optimized at 200 counts 
per scuare centimeter using a medium 
energy (370 kev.) collimator. 

Following the evaluation of the recti- 
linear scan, selected areas of interest were 
imaged with an Anger-type scintillation 
camera (Nuclear Chicago HP) equipped 
with 2 pulse height analyzers. One PHA 
was centered at the 184 kev. gallium 67 
peak and the other at the 296 kev. gallium 
67 peak. A 15 per cent window was used. 
The cutput from both PHAs was displayed 
on a cathode ray oscilloscope. Images were 
recerded on high contrast 35 mm. copy 
film ‘Eastman Kodak). 

Accumulation of gallium 67 citrate in 
the pulmonary parenchyma and hilum was 
compared to the accumulation of gallium 
67 in the liver and the soft tissue of the 
neck and shoulders. From our experience, 
the gallium 67 activity in the lungs is 
usually the same as that in the soft tissues 
of the neck and the shoulders in a normal 
person. In all patients, who were studied 
by whole body scans, there was uptake 
noted in the regions of the eyes, nose and 
submandibular glands. Breast uptake was 
noted in 5 nonlactating women. Liver up- 
take was noted in all patients who were 
examined by whole body scans. Spleen up- 
take was noted in Ig patients. Quantita- 
tive analysis of liver and spleen uptake 
was not made in this study. Clinical ac- 
tvity was classified as stable, progressive 
cr undetermined. Symptoms were the pri- 
ma-y determinant used for clinical activ- 
itr. The disease was classified as progres- 
sive if the symptoms had developed or had 
become worse within 60 days of the deter- 


* From the Johns Hopkins Medical Institutions, Baltimore, Mary:and. 
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mining visit. The following symptoms were 
evaluated: shortness of breath; cough; 
chest pain; neuromuscular complaints; skin 
disease; and arthralgia or fever. Vital ca- 
pacity, I second forced vital capacity, and 
steady state CO, diffusion capacity were 
measured in all patients. In 11 patients, 
the disease was stable, in 13 progressive 
and in 5 undetermined. Upright, postero- 
anterior and lateral chest roentgenozrams 
were obtained at the time of the scar. The 
progression showing the chest roentgeno- 
grams resulted in 3 patients being changed 
from stable to the progressive category. 
The scan findings were evaluated indepen- 
dently of the clinical data and roentzeno- 
grams by 2 observers. 


RESULTS 


I. ACCUMULATION OF GALLIUM 67 CITRATE 
IN LUNG PARENCHYMA 


In our population of 29 patients, 23 had 
mild to severe parenchymal infiltrates in 
the chest roentgenograms (Table 1). Of 
these, 61 per cent (14/23) demonstrated 
parenchymal gallium 67 uptake in the 
area corresponding to the infiltrates Gem- 
onstrated on the chest roentgenograms 
(Fig. 1, 4 and B). In no case did galkum 
67 accumulate in an area of the hing 
shown to be normal on the chest roentgeno- 
grams. In 1 patient with bronchiectasis and 
pulmonary sarcoidosis, bronchiectasis may 
have been partially responsible for gallaim 
67 accumulation. Gallium 67 accumula- 
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tion dic not correlate with the roentgeno- 
graphic pattern of infiltrates; 7.e., nodular 
versus |mear. The specific lobe in which the 
infiltrate was located seemed also to have 
no bearing on the degree of gallium 67 
uptake. 

Fourteen of 29 patients in our series had 
abnormzl pulmonary parenchymal uptake 
of gallium 67 (Table 1), and of this num- 
ber, £7 per cent (18/14) were classified as 
progressive; ;.e., the symptoms were be- 
coming worse. Thirty-six per cent (5/14) 
were clirically stable; we could not deter- 
mine the status in the remaining patient. 

Fifteen of our 29 patients (52 per cent) 
had no abnormal uptake of gallium 67 in 
the pulmonary parenchyma, and of these 
patients, 4/15 (27 per cent) were clinically 
progressive. Therefore, the uptake in the 
pulmonary parenchyma did not seen to cor- 
relate with progressively increasing symp- 
toms of sarcoidosis. 


II. HILAR ACCUMULATION OF GALLIUM 67 


In our series of 29 patients, 16 (55 per 
cent) had hilar lymphadenopathy on the 
chest roentgenogram (Table 11). Of these, 
94 per cent (15/16) had positive gallium 67 
accumulation in the hilar area. However, 
8 patients in our series had no hilar lymph- 
adenopathy in the chest roentgenogram, 
but had abnormal gallium 67 uptake in the 
region of tae hilar lymph nodes. 

There were 23/29 patients (79 per cent) 
who had ga lium 67 uptake in the pulmonary 
hilum (Table 11). Nine of the 23 patients 


TABLE I 


GALLIUM 67 CITRATE SCAN, CLINICAL ACTIVITY AND CHEST ROENTGENOGRAM 








Clinical Activity 


Gallium 67 Citrate Scan | 


— — 





Chest Roentgenogram 





2c Parenchymal | Parenchymal 
Activity 








Progressive | Stable Change Change Not 
| Undetermined Present Present 
Abnormal uptake in pulmo- 
monary parenchyma (14) 8 5 I 14 O 
Nə uptake in pulmonary 
parenchyma (15) 4 i 4 9 6 


€— HÀ eee" 





A 


(39 per cent) were classified as stable. 
Nine of the 23 patients (39 per cent) had 
progressive symptoms, and the remainder 
were not classified. Among the 29 patients 
in our study, 6 (20 per cent) did not have 
gallium 67 uptake in the hilar area. Of 
these 6, 3 were classified as progressive. 


III. GALLIUM 67 ACCUMULATION AND 
STEROID THERAPY 


Corticosteroids often improve pulmo- 
nary function in sarcoidosis, at least dur- 


Heshiki et al. 
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Fic. 1. (7) Increased gallium 67 uptake in the right 


lower Ling corresponding to an area of abnormal 
chest r»entgenogram. Uptake is also observed in 
the area of the eyes and nose. (B) Chest roent- 
genogram reveals nodular infiltrates in the right 
lower obe. 


ing tae period of administration.*? There- 
fore, it seemed reasonable to ask whether 
monitoring of gallium 67 accumulation 
might be helpful in evaluating the response 
to steroid therapy. Three patients (C.M., 
L.M. and B.M.) had clinically progressive 
disezse, positive chest roentgenograms, an 

abnormal accumulation of gallium 67 in 
the pulmonary parenchyma and hilar 
lym>h nodes when studied prior to steroid 
therapy (Table 11). After 5 to 7 months of 
steroid therapy, B.M.’s and C.M.’s chest 


TABLE II 


GALLIUM 67 CITRATE SCAN, CLINICAL ACTIVITY AND CHEST ROENTGENOGRAM 








Clinical Activity 


Chest Roentgenogram 








Gallium 67 Citrate 
Progressive 


Abnormal uptake in pulmo- 
nary hilum (23) 9 


No uptake in pulmonary 


hilum (6) 5 





Stable 


Hilar Lymph- 
Activity ae ae adenopathy 
adenopathy | Not Present 
5 15 f 
O I 5 
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TABLE III 


RESULT OF REPEAT GALLIUM 67 CITRATE SCAN 


TU E 


Name and Change in 


Initial Study 





Repeat Study 





———ÓM————————|—ÓMMMdFJ————— À——— ——M 


————— t—O——À À———O —naao| — ———À— € —À 


———o————————— |—|————ÓM——— 


Clinical Status at | 5.1014 
Second Study Fherupy Scan 

C.M. 15 mg./da. | 2/14/73 

Clinically improved Uptake in pul- 
monary hilum 
and parenchyma 

L.M. 20 mg./da. | 3/14/73 

Clinically improved Uptake ir pul- 
monary hilum 
and paremchy- 
ma; liver uptake 

B.M. 30 mg./da. | Hilar uptake 

Clinically improved positive 


Chest S Chest 
Roentgenogram "e Roentgenogram 
2/14/73 8/8/73, | | 8/8/73 
Hilar lymph- No uptake in | Unchanged from 
adenopathy: the lung 2/14/73 
nodular paren- 
chymal density 
3/14/73 8/8/73 8/8/73 
Hilar lymph- No uptake in | Clear chest roent- 
adenopathy; thelung;liver | genogram 
parenchymal! uptake 
Hilar lymph- No uptake Hilar lymph- 
adenopathy adenopathy 


a =n 


roentgenograms remained unchanged, but 
there was no longer gallium accumulation 
in the pulmonary parenchyma or kilar 
lymph nodes in the repeat study. In patient 
L.M., not only did the gallium or accumu- 
lation in the lung disappear, but the chest 
roentgenogram returned to normal (Fig. 2, 
A and B). 

Four out of 5 other patients who were on 
Prednisone therapy at the time of the scan 
had significant accumulation of gallium 67 
in hilar lymph nodes and/or pulmonery 
parenchyma (Table 1v). The 1 patient with- 
out gallium 67 accumulation in the lurgs 
was on the largest dose of steroid therapy. 
The remaining 4 were on less than 15 mg. 
per day of Prednisone. 


DISCUSSION 


Prior to the present study, it was known 
that gallium 67 accumulated in the pulmo- 
nary parenchyma and the hilar lymph 
nodes of some patients with sarcoidosis. 
Evaluation of the degree of pulmonary 
uptake of gallium 67 was complicated by 
occasional abnormal uptake in the breast, 
and by accumulation of the tracer in the 
hilum which was difficult to differentiate 
from parenchymal uptake. Nevertheless, i- 
seemed clear that gallium 67 uptake in the 


lung was not correlated with the location 
of the infiltrates or the pattern of infiltrates 
(nodular versus linear), although if the 
chest roentgenogram did not reveal paren- 
chymal infiltrates, the gallium 67 scan of 
the lung parenchyma was always normal. 
The gallium 67 uptake in the lung paren- 
chyma or hilar lymph nodes correlated 
poorly with the evidence of a clinical 
activity. However, roentgenographically 
visible hilar lymphadenopathy always ac- 
cumulated gallium 67. In 8 patients, gal- 
lium 67 accumulated in the hilar lymph 
nodes despite a normal chest roentgeno- 
gram. 

Conversion of the gallium 67 lung scan 
from positive to negative during Prednisone 
therapy has been reported previously in 1 
patient with pulmonary sarcoidosis. In the 
present study, in 3 patients gallium 67 
accumulation disappeared when the pa- 
tient was treated with high dose steroid 
therapy ranging from 15 mg. per day to 30 
mg. per day for § to 7 months. Although 
the number of patients is small, our data 
suggest that monitoring gallium 67 accum- 
ulation in pulmonary parenchyma or hilar 
lymph nodes in patients with pulmonary 
sarcoidosis may be of value, particularly 
when the mechanism of the gallium 67 
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Fic. 2. L.M. (4) March 14, 1973. Gallium 67 scan reveals an uptake in the pulmonary hilum and paren- 
chymal area. Liver uptake is also apparent. (B) August 6, 7973. Uptake of gallium 67 is no longer observed 
in the lung. Liver uptake is still present. 


accumulation is better understood. Vari- somes of macrophages or it may be associ- 
ous hypotheses have been suggested. Gal- ated with the cell membrane of lympho- 
lium 67 may be incorporated into lyso- cytes.5 However, further study is needed. 


TABLE IV 


RESULT OF GALLIUM 67 CITRATE LUNG SCAN IN PATIENT WITH STEROID THERAPY 




















Steroid Gall; 6- Cj 
Patient Therapy SER ST NAMENS Clinical Chest Roentgenograms 
Dow Lung Scan 
M.B. 20 mg./da. No abnormal uptake Stable Parenchymal change present 
Mu.B. |12.5 mg./da. Abnormal hilar uptake Stable Parenchymal change present 
B.A. IO mg./da. Abnormal hilar uptake Stable Normal 
M.S. 5 mg./da. Abnormal hilar and pa- Stable Hilar lymphadenopathy pres- 
renchymal uptake ent; parenchymal change pres- 
ent 
H.M. 2.5 mg./da. Abnormal hilar and pa- Hilar lymphadenopathy pres- 


ent; parenchymal change pres- 
ent 


renchymal uptake 
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It seems possible that gallium 67 aptake 
may be the only sign of disease activity in 
some patients with pulmonary sarccidosis. 


SUMMARY 


Twenty-nine patients with biopsy proven 
pulmonary sarcoidosis in various c'inical 
stages of activity were studied with gal- 
lium 67 citrate scans. 

If the chest roentgenogram was ncrmal, 
we were not able to demonstrate any ab- 
normal pulmonary accumulation of gal- 
lium 67, regardless of the patient's subjec- 
tive complaints. Eight patients hac ab- 
normal gallium 67 accumulation in the 
hilar region with no roentgenographic evi- 
dence of hilar lymphadenopathy. Gallium 
67 uptake in the pulmonary parenchyma or 
hilar regions correlated poorly with clin- 
ical activity. 

Large doses of steroids decreased the 
uptake of gallium 67 in the pulmoaary 
parenchyma and hilum in 3 patients. Al- 
though the mechanism of gallium 67 ac- 
cumulation in pulmonary sarcoidosis re- 
mains to be determined, its measurement 
may prove to be a useful new index of dis- 
ease activity before, during and after 
therapy. 


Atsuko Heshiki, M.D. 

Department of Radiology and 
Radiological Sciences 

The Johns Hopkins University 
School of Medicine 

Baltimore, Maryland 21205 
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PULMONARY MANIFESTATIONS IN WEGENER'S 
GRANULOMATOSIS* 


By SILVIU LANDMAN, M.D., and FRANCIS BURGENER, M.D. 


ROCHESTER, NEW YORK 


ECROTIZING lesions of small ves- 

sels characterize a complex group of 
diseases first described in 1866 by Kuss- 
maul and Maier, under the name peri- 
arteritis nodosa.?? From this group, Klinger 
and Wegener?*^? isolated a clinical entity 
characterized by granulomatous involve- 
ment of the upper respiratory tract, the 
lungs and the kidneys,” which became 
known as “Wegeners granulomatosis” 
(W.G.). This disease, however, does not 
always present the classical triad described 
above; a large number of cases have been 
recognized in which the typical pathologic 
features are limited to the respiratory tract. 
If the findings are confined to the lung, the 
clinical course is more benign and there 1s a 
better response to therapy.*? This led to 
the concept of “limited Wegener's granulo- 
matosis, "191535 which can also be extended 
to cases with localized manifestations of 
this disease in which the lungs are unin- 
volved. 

Two conditions are related to W.G.: 
“midline lethal granuloma” is a mutilating 
and ulcerating granulomatous disease 
limited to the nose and the facial tissues, 
with very poor prognosis. This disease is 
considered by some authors as a separate 
entity? whereas others consider it a local- 
ized manifestation of Wegener’s granulo- 
matosis./ Churg and Strauss described an 
allergic granulomatosis, closely related to 
W.G. in which an allergic etiology can be 
recognized, and the granulomas contain a 
large number of eosinophils.!° 

The purpose of this paper is to review 
briefly some of the recent developments in 
the understanding of necrotizing vasculitis 
of the Wegener type and to discuss the 
pulmonary roentgenographic findings, on 
the basis of which the radiologist may be 


able to contribute to an earlier diagnosis 
and an improved prognosis of these rare 
but fascinating disorders. 


MATERIAL 


The medical records of the University of 
Rochester Strong Memorial Hospital re- 
vealed 10 cases in which a diagnosis of 
Wegener's granulomatosis was made by 
the Pathology Department. There were 4 
males and 6 females, with ages ranging 
from 26 to 7o years. Table 1 summarizes 
the clinical features and the sources of 
pathologic proof. Many organs showed 
clinical evidence of disease, but not all have 
been biopsied. Only 2 of the patients, Cases 
r and v1, have died, the others have been in 
remission for 4 months to 4 years. 


REPORT OF CASES 


Case r.* A 7o year old woman was referred 
to the hospital because of a pneumonic infiltrate 
in the right middle lobe. She had had fever, 
weight loss and pleuritic pain for several weeks. 
Her past history revealed corneal ulcers 2 years 
earlier, progressive deafness and sanguino- 
purulent nasal discharge for 1 year and gradual 
nasal septum collapse over several months be- 
fore admission. Sinus roentgenograms had 
shown clouding of the right maxillary antrum 
and a nasal biopsy was interpreted as com- 
patible with lethal midline granuloma. She im- 
proved with steroid therapy; however, the 
right middle lobe (RML) became progressively 
more consolidated on roentgenography (Fig. 1, 
A and B) and a thoracotomy was performed. 
The resected RML showed diffuse vasculitis 
and granulomatous changes of the Wegener 
type. The patient recovered postoperatively, 
and was placed on cyclophosphamide. She later 
developed increasing renal problems, and died 
at home 2 years later. No autopsy was per- 
formed. 


* This case was the subject of a previous report.” 


* From the Department of Radiology, University of Rochester Medical Center, Rochester, New York. 
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TABLEI 


CLINICAL AND PATHOLOGIC DATA 








Organs Clinically Affected 


Case Sex Age 








Sources of Pathologic Diagnosis 





Ears Eyes Nose Sinuses Mouth Lung Kidney Skin Joints 
I F 7o X X X X X X Nose, Lung 
II M 63 X X X Lung 
II F 28 X X X A X b. X X Ear, Nose, Gingiva, Kidney 
IV F 52 X X X X Nose, Lung 
V M 61 X X X X X Nose, Kidney 
VI M 46 X X X X X Nose, Antrum, Palate, Kidney 
VII M 3o X X X X Orbit 
VII F %2 X X X Left calf 
IX F 7o X X X X Nasal septum 
X F 26 X X X X Kidney 
Total= 10 5 6 8 6 2 5 7 4 3 





CasE 11. A 63 year old engineer was trans- 
ferred from another hospital with a 6 week 
history of fever, chills, weight loss, cough and 
hemoptysis, which did not improve on anti- 
biotic therapy. Chest roentgenograms had 
showed an infiltrate limited to the superior seg- 
ment of the right lower lobe (RLL), which was 
unchanged on admission (Fig. 2, Z and B). 
Fiberoptic bronchoscopy revealed a patent, but 
inflamed segmental bronchus and bronchial 
brushing was negative. Because of the suspicion 





of carcinoma, a thoracotomy was performed. 
The superior segment of the RLL was firm and 
consolidated and the right lower lobe was re- 
sected. The pathologic specimen showed a 
marked proliferative and vascular necrotizing 
process diagnostic of Wegener's granuloma- 
tosis. The patient is well 4 months later, except 
for chronic albuminuria. 


CASE :11. A 28 year old woman first presented 
with nasal discharge, gingival bleeding, sinus 





EM Dp 
| 


Fic. 1. Case 1. (4) On posteroanterior and (B) lateral chest roentgenograms, 
a complete consolidation cf the right middle lcbe (RML) can be seen. 
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Fic. 2. Case 11. (4) Posteroanterior and (B) latera. chest roentgenograms show a 
consolidation in the superior segment of the right lower lobe (RLL). 


pain and rapidly progressive glomerulonephritis. 
Nasal, gingival and renal biopsies showed 
Wegener’s granulomatosis. Over the following 
6 months, the patient also developed bilateral 
otitis media, episcleritis, stiffness of the elbows, 
hands, knees and feet and a 3 cm. red area over 
the left heel. When admitted again because of 
fever and cough, a small nodule was seen in the 
left upper lobe, which subsequently cavitated 
(Fig. 3). Treatment with cytoxan was started 
and clinical improvement was accompanied by 
complete resolution of the pulmonary nodule. 
The chest roentgenogram has remained clear 1 
year later, but the creatinine blood level shows 
intermittent elevation. 


Case Iv. A 52 year old female was referred to 
the hospital for evaluation of diplopia, con- 
sidered to be secondary to orbital involvement 
of Wegener’s granulomatosis. This diagnosis 
had been made 2 years earlier, on biopsies of 
the nasal septum and on tissue from broncho- 
scopic material. A chest roentgenogram at the 
time (Fig. 4) showed 3 rather ill-defined nod- 
ules in the left lower lobe, one of which con- 
tained a small cavity. There was no evidence of 
kidney involvement. On therapy with high 
doses of steroids, the chest roentgenograms 
cleared and the patient improved. Diplopia also 





Fic. 3. Case m1. An anteroposterior tomographic cut 
shows a solitary cavitating nodule in the left upper 


lobe (LUL). 
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yielded to steroids. The patient is doing well 
more than 3 years following her initial pre- 
sentation and is on long-term cytoxan therapy. 


Case v. A 61 year old mechanic was ad- 
mitted to another hospital with a 2 morth his- 
tory of fatigue, nasal stuffiness, epistaxis, cough 
and hearing loss. The chest roentgenograms 
showed ill-defined bilateral apical infltrates 
suggesting tuberculosis. There was proteinuria 
and hematuria and the blood urea nitrogen was 
59 mg. per cent. The patient left the hospital 
against medical advice. His condition con- 
tinued to deteriorate at home and he was re- 
admitted 4 weeks later with progressive dyspnea 
and profound weakness. He was transferred to 
the University Hospital, where he arrived in 
severe respiratory and renal failure recuiring 
tracheostomy and dialysis. The chest roent- 
genogram (Fig. 577) revealed diffuse nodular in- 
filtrates in both lungs. A biopsy of the left in- 
ferior turbinate and of the kidney showed 
necrotizing vasculitis with granuloma forma- 
tion. Treatment with methylprednisolone and 
cytoxan brought about gradual improvement 
over a period of 4 weeks, during which his chest 
roentgenograms cleared (Fig. 5, B-D). Three 
months later he is doing well on cytostatic 
therapy. 





Fic. 4. Case 1v. A posteroanterior chest roentzeno- 
gram shows 3 nodular lesions in the left lower lobe 
(LLL), 1 having a small central cavitation. 
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ROENTGEN FINDINGS 


Two patients had a homogeneous con- 
solidation of a lobe or a segment: the right 
middle obe in Case 1 and the superior seg- 
ment o` the right lower lobe in Case rr. 
Both ar2as appeared slightly overexpanded 
on roentgenography. Following resection, 
there was no recurrence elsewhere in the 
chest. 

Two patients showed a nodular pattern. 
Case 111 had a well-defined solitary nodule, 
I. X2 œ. in size, in the left upper lobe, 
which, 2 weeks following its initial dis- 
covery, revealed a small cavity with a 
rather taick wall. Case 1v presented mul- 
tiple nodules in the left lower lobe, 2 of 
which were rather ill-defined and located 
close to the left hilum, while the largest 
measured 3.5X4 cm. and had a small 
cavity w.th thick walls surrounding it. Fol- 
lowing s-eroid and cytostatic therapy, all 
these nodules disappeared slowly and 
roentgendgrams obtained 6 months later 
showed normal lungs in both cases. 

Case v had a widely disseminated re- 
ticulonocular, interstitial infiltrate which 
cleared g-adually over a period of about 4 
weeks (F g. 5, 4-D). 


DISCUSSION 


Wezgener's disease has received increas- 
ing attention in the medical literature. It is 
part of a spectrum of diseases'* character- 
ized by recrotizing lesions of small blood 
vessels, which range from periarteritis 
nodosa ard dermatomyositis, in which the 
angiitis lement predominates through 
hypersensitivity angiitis, rheumatic arteri- 
tis and temporal arteritis, which have a 
mixture of angiitis and granulomatous ele- 
ments to allergic angiitis and Wegener's 
granulomztosis, in which the element of 
granulometosis predominates.» 

W.G. appears to be more common than 
originally thought,!® and may present in 
different clinical and pathologic forms. 
Carringtom and Liebow!® first described 
cases wita involvement limited to the 
lungs. Cassan and associates” reported the 
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Fic. 5. Case v. (4) September 17, 1973; (B) September 25, 1973; (C) September 28, 1973; and (D) October 5, 
1973. A series of 4 posteroanterior chest roentgenograms showing a diffuse infiltrate with subsequent clearing. 


association of pseudotumor of the orbit 
with pulmonary involvement. Upper respi- 
ratory involvement and facial granuloma- 
tous disease may pre-exist or be unassoci- 
ated with pulmonary or renal disease.* A 
combination of severe lung and kidney in- 
volvement in the absence of upper respira- 
tory tract disease was described as “‘de- 
capitated form." Ear involvement causing 
deafness was reported by Friedmann and 
Bauer.? Foci of necrotizing vasculitis 
around both veins and arteries may be 


found in other tissues as well. Any combi- 
nation of systemic involvement appears 
possible, and the diagnosis is made on the 
basis of the typical pathologic features in 
the tissues examined. 

More recently, Liebow?* defined several 
kinds of granulomatosis with angiitis on 
the basis of histologic structure and other 
features of the natural history: (1) classical 
Wegener's granulomatosis; (2) limited an- 
giitis and granulomatosis of the Wegener 
type; (3) lymphomatoid granulomatosis; 
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(4) necrotizing "'sarcoid" angiitis and 
granulomatosis; and (4) bronchocentric 
granulomatosis. 

The most frequently described fnding 
on chest roentgenograms has been mul- 
tiple nodules,?^*? ranging in size from sev- 
eral mm. to 9 cm., but more often between 
2 and 4 cm. Solitary nodules are less com- 
mon. While some reports mention a pre- 
dilection for the mid- and lower lung 
regions,'^? others find no zone predilec- 
tion.” Central necrosis with ulceration 
into bronchioles may cause cavitation of 
some of the nodules,??! and the cavities 
thus created tend to maintain thick inner 
walls,® although occasionally they may be 
thin-waálled.?:?» The outline of the nodules 
may be sharply defined," but is often 
"shaggy," due to infection or hemorrhage 
spreading into the alveolar structures sur- 
rounding the essentially interstitial granu- 
lomatous process characteristic of the dis- 
ease. [n the same way, the original nod- 
ule may become unrecognizable, and the 
lesion may appear as an ill-defined infil- 
trate. 

In an attempt to establish the ap>roxi- 
mate incidence of the more common find- 
ings on chest roentgenograms in W.C., we 
reviewed 8 series published in Radiology 
Journals?:26/27,33,5,26,4,50 after Felson and 
Braunstein’s review of 19658?" and added 
their cases. Of the total of 77 cases thus 
collected, 36 presented with multiple nod- 
ules, 22 with localized infiltrates, 14 with 
solitary nodules, and, in 31, the nodules 
were cavitated. Cases of Churg and Strauss 
granulomatosis were included in some of 
these reports, but not those of periarteritis 
nodosa. 

Several cases with diffuse miliary-type 
opacities have been variously reported as 
"generalized infiltrative and nodular censi- 
ties" or “diffuse woolly opacitiss;'*6 
they most likely represent numerous 
“shaggy” nodules—interstitial nodules with 
peripheral alveolar involvement—as in our 
Case v. Pulmonary consolidation as a 
direct manifestation of W.G. is alsc un- 
common,” although it was present in 2 of 
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our 5 cases with pulmonary involvement. 

Many other pulmonary or pleural find- 
ings have been described in cases with 
W.G., however, many were possibly due 
to complications and not to the disease 
itself: lobar collapse? bronchiectasis,?? 
pleural effusion,!??97723 pulmonary edema,?? 
and pneumothorax.!5?* Hilar masses may 
simulate bronchogenic carcinomas,? while 
lymph node involvement due to W.G. is 
unusual.?? 

The correct diagnosis can, at best, be 
suggestel on the basis of the roentgeno- 
grams, but few other procedures have 
proven more helpful short of thoracotomy. 
Bronchoscopy was nondiagnostic in 16 pa- 
tients reported by Allen and Moen, while 
lung biopsy was diagnostic in 1 of their 4 
patients biopsied. Two cases of W.G. were 
diagnosed by percutaneous needle biopsy 
by Sinner.5 In our Case 11, a bronchial 
brushing was negative. With the increas- 
ing use of cytologic diagnosis of lung lesions 
by needle biopsy or bronchial brushing, 
earlier diagnosis of W.G. may also be 
facilitated. 

The roentgenograms are extremely im- 
portant in following the patient's clinical 
course aad response to therapy. The dis- 
ease was almost invariably fatal up to the 
mid-fifties and in Walton's series” of 56 
patients, only 18 per cent were alive after I 
year, the average life span being 5 months. 
The intreduction of corticosteroids brought 
temporary remissions with roentgenologic 
improvement, but did not significantly 
alter the course of the disease.® In Hollan- 
der and Manning's?? review of 26 patients 
treated with steroids, 34 per cent survived 1 
year anc the average life span had in- 
creased to 12.5 months. The first reports 
of complete remission came in the late 
sixties, with the advent of immunosuppres- 
sive therapy. Although the etiology of the 
disease 1s still obscure, it seems that a 
hypersensitivity phenomenon is involved"! 
and a variety of cytotoxic agents have had 
favorable therapeutic responses. Cyclo- 
phosphamide":1*97 and azathioprine” 14:24.30 
have been most widely used. In 1970, Aldo 
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et al? reported 80 per cent of their 15 
patients alive after 1 year; in 1973 Fauci 
and Wolff!? had 12 of 15 patients alive and 
in complete remission up to 63 months. 

Complete remission following treatment 
with a combination of immunosuppressive 
and steroid agents was seen in 3 of our § 
patients with pulmonary involvement. The 
importance of early diagnosis and treat- 
ment becomes evident, and the radiologist 
has an important role to play. 

As the variety of roentgenologic findings 
Is recognized, suggesting the diagnosis on 
the basis of the roentgenograms becomes 
more difficult.?? There are certain patterns, 
however, that have been described more 
commonly, and these should be well-known 
to the radiologist, so that together with the 
clinical findings an early diagnosis can be 
made. 


SUMMARY 


Ten patients with Wegener's granuloma- 
tosis are reported, 5 of whom had roent- 
genographic manifestations in the chest. 
Only 2 patients had pulmonary nodules, 
the manifestation more commonly de- 
scribed in the literature. Two patients had 
lobar or segmental consolidation and 1 pre- 
sented with a diffuse reticulonodular pat- 
tern. 

The variety of roentgenographic mani- 
festations and the recent developments in 
the understanding and treatment of necro- 
tizing vasculitis are discussed. 

The role of the radiologist in early diag- 
nosis is emphasized in view of the improved 
prognosis with current methods of treat- 
ment. 


Silviu Landman, M.D. 
Department of Radiology 
Lourdes Memorial Hospital 
Binghamton, New York 13905 
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PERCUTANEOUS PULMONARY NEEDLE BIOPSY* 
REPORT OF 350 PATIENTS 


By E. NICHOLAS SARGENT, M.D.,t A. FRANKLIN TURNER, M.D.,t 
JAY GORDONSON, M.D.,¢ C. P. SCHWINN, M.D., 
and OSSE PASHKY, A.A.C.P.t 
LOS ANGELES, CALIFORNIA 


pe TANEOUS needle aspiration bi- 
opsy of the lung has been practiced for 
many years following the introduction of 
this procedure by Leyden in 1883° and 
Menetrier in 1886.!° The procedure has 
been attended by varying degrees of en- 
thusiasm or condemnation, with objec- 
tions including possible complications such 
as pneumothorax, hemorrhage, air em- 
bolus, tissue specimen inadequacy, and 
tumor cell dissemination. Most of these ob- 
jections have been overcome by major im- 
provements which include the use of: 
improved needles;? pneumothorax cathe- 
ters;" needle guidance instruments;!? im- 
proved cytologic techniques;*!^?? and im- 
age amplifier fluoroscopy for visual guid- 
ance during the biopsy procedure. Some 
individuals have categorically condemned 
the procedure or urged extreme caution 
mainly because of the hazard of disseminat- 
ing tumor cells along the needle tract. This 
appears to be without any serious founda- 
tion, since only 2 well documented cases of 
needle tract tumor cell implantation have 
been described.^? A third case is referred 
to briefly,? but is not documented or de- 
scribed. Two additional cases recently re- 
ported! are highly questionable, and serious 
doubts as to their validity have been 
raised.” 

Interest in the value of the procedure, 
predominantly surgical at first, has stead- 
ily increased, and more recently reports 
are to be found with increasing fre- 
quency,?:13.14.19,21,2226,7 further attesting to 
its usefulness as a radiologic procedure. 
Pulmonary needle aspiration biopsy is an 
appropriate technique for the radiologist 


because of his familiarity with image- 
intensified fluoroscopy, depth localization 
techniques, surgical skills acquired with 
needle puncture methods for vascular pro- 
cedures, and experience in the differential 
diagnosis of pulmonary disease. 

The purpose of this paper is to describe 
the experience with percutaneous pulmo- 
nary reedle aspiration biopsy performed on 
350 patients, exclusively by radiologists, 
over the past 4 years. 


MATERIAL 


Inc uded in the group of 350 patients 
were 257 males, ranging in age from 22 to 
85 years, and 93 females, ranging in age 
from 23 to 86 years. The roentgenograms 
showed at least 1 localized lesion in the 
chest, with the smallest area measuring 
O.6 cm. in diameter and the largest measur- 
ing greater than 10 cm. The majority of the 
patients were referred for needle biopsy 
only after many conventional diagnostic 
methods (bronchoscopy; scalene node bi- 
opsy; sputum analysis, including cytology 
and cultures; skin sensitivity tests; and 
blood serology examinations) failed to 
furnish an etiologic diagnosis. Several pa- 
tients who were considered poor risks for 
anesthesia, bronchoscopy, or open thora- 
cotomy were included in the group. The 
biopsies were performed not only by senior 
mem ers of the staff, but also by several 
mem ers of the resident staff. All patients 
were hospitalized for the biopsy procedure. 

Indications for needle aspiration biopsy 
were as follows: (1) medical contraindica- 
tions to open thoracotomy or a patient's 
refusa. of the thoracotomy; (2) inoperable 
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presumptive carcinoma in which tissue 
diagnosis for preoperative irradiation or 
chemotherapy was required; (3) confirma- 
tion of a suspected benign localized dis- 
ease; (4) confirmation of metastatic dis- 
ease; (5) bilateral or other inoperable dis- 
ease; (6) unresolved pneumonia; (7) con- 
firmation of a bronchogenic carcinoma ina 
marginal risk patient in whom a positive 
diagnosis would add weight to the indica- 
tion for surgery; (8) to obtain living cells 
for tissue culture, permitting studies of 
radiation and chemotherapeutic sensitiv- 
ity;* (9) to obtain specimens for the proper 
identification of bacteria, fungi, or para- 
sites prior to the use of specific chemo- 
therapeutic agents;^!5 (10) in short, any 
persistent localized lesion of the lung 
which could not be diagnosed adequately 
by conventional methods. 

Contraindications to the procedure in- 
cluded: (1) systemic bleeding tendency, 
except in the most urgent circumstances; 
(2) suspected vascular lesions such as an 
arteriovenous malformation or a Rasmus- 
sen aneurysm; (3) previous pneumonect- 
omy on either side; (4) far advanced or 
severe pulmonary hypertension (which 
would increase the risk of post-biopsy 
bleeding); (5) advanced pulmonary em- 
physema, particularly if pulmonary fanc- 
tion studies indicated that even a small 
pneumothorax on one side would be haz- 
ardous; (6) inability of the patient to co- 
operate (except where general anesthesia 
might be used in extreme circumstances); 
(7) patient’s refusal to have definitive 
treatment regardless of biopsy results; (8) 
suspected Echinococcus cyst which might 
disseminate following needle aspiration 
biopsy. 


TECHNIQUE 


The location of the lesion is judged by 
means of appropriate posteroanterior, lat- 
eral, oblique, and planigraphic films. These 
preliminary studies are obtained with the 
patient recumbent, since the procedure is 
performed with the patient in this position. 
By caliper measurements of the patient, 
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film measurements in various projections 
allowing for magnification, and tomo- 
graphic measurements of the lesion in rela- 
tion to the anticipated skin entrance site of 
the needle, the depth of the center of the 
lesion caa be accurately determined. 

The patient is usually kept fasting for 3 
to 4 hours, and 50 mg. meperidine hydro- 
chloride “Demerol) is injected intramuscu- 
larly one-half hour prior to the procedure. 
A supine position is maintained for the an- 
terior approach and a prone position for 
the posterior approach, with the involved 
side of the lung closest to the radiologist. 
The lesion is localized under fluoroscopic 
control, using the tip of a hemostat or a 
metallic marker on the overlying chest 
wall. After fluoroscopic confirmation of ac- 
curate placement, the marker or tip of the 
hemostat is pressed into the skin so that 
an imprint in the appropriate intercostal 
space remains. 

The procedure is performed with strict 
aseptic technique. The skin is cleansed with 
a germicidal solution, e.g., tincture of 
quaternary ammonium antiseptic, I—500. 
Two per cent Xylocaine hydrochloride 
(lidocaine) is used for block anesthesia, 
and the tissues are infiltrated down to and 
including -he parietal pleura. A small skin 
and subcutaneous tissue stab incision is 
made with a No. 11 scalpel blade to facili- 
tate advancing the needle through the 
chest wall and to facilitate transmission of 
variations in lung consistency to the pal- 
pating fingers without interference from 
the adjacent surrounding skin. In order to 
avoid the intercostal vessels, the incision 
for insertion of the needle is made near the 
upper border of the lower of the 2 ribs de- 
fining the intercostal space. 

The biopsy needles are thin-walled and 
are available in No. 16 and No. 18 gauge 
sizes, in lengths of 6 inch and 8 inch.” It is 
important -o keep the needles constantly 
sharpened, using a hard oil stone and a 
carborundum crocus cloth, and to avoid 
damage to the cutting surface of the 
needle tips when they are being cleaned 
prior to sterilization. For small nodules, 
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it is preferable to employ the No. 18 gauge 
needle, since large needles tend to push the 
small nodule to one side rather than to ad- 
mit direct penetration. The biopsy needle 
with its contained stylet is inserted directly 
through the chest wall, the parietal and 
visceral pleura, and is then advanced di- 
rectly to the edge of the lesion under 
fluoroscopic guidance. The patient is al- 
lowed to breathe normally, since no ad- 
vantages have been noted by urging the 
patient to hold his breath. 

When the biopsy needle tip reaches the 
pulmonary lesion, an increased resistance 
is often felt. In order to guide the needle 
tip to the edge of a small lesion, it 1s ad- 
vantageous to use a needle holder. A plastic 
needle holder for advancing the needle tip 
and manipulating the needle under fluoro- 
scopic control without exposing the radi- 
ologist's hands to excessive radiation has 
been described. A small, well-circum- 
scribed lesion may slide to one side when 
the needle reaches its surface. If the needle 
is driven into a lesion with a quick forward 
thrust, however, a very small lesion can 
usually be readily transfixed. 

By making small, rapid movements 
with the needle, it can then be readily seen 
whether or not the needle point has en- 
tered a lesion, since the lesion will be dis- 
placed by these movements if it has been 
impaled. Constant superimposition of nee- 
dle tip and lesion images during respiration 
makes use of the same principle. If a lesion 
is fixed or is located near the apex of the 
hilum, an impaled lesion may not move 
with respiration or movement of the 
needle tip. For most lesions, movement of 
the fluoroscope with the needle in place 
allows one to use the principle of parallax 
to confirm the depth of the tip of the needle 
in relationship to the lesion. Occasionally 
it may be advantageous to rotate the 
patient into an oblique position with the 
needle in place to confirm that the proper 
depth of needle insertion has been reached. 
This must be done carefully, since passage 
of the needle through a heavily-muscled 
portion of the thorax may cause the needle 
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to change position when exertion during 
turning causes the muscles to contract. 
One can also employ a cross-table lateral 
roentgenogram for further confirmation of 
the depth of the inserted needle, while the 
patiert is maintained in an immobilized 
recumbent position. When a lesion is par- 
ticula-ly firm, one can often observe 
fluoroscopically a slight deflection of the 
needle when the tip reaches the mass. Firm 
lesions are occasionally more difficult to 
biopsy than the softer lesions. 

Once the needle point has been placed 
at the desired edge of the lesion or imme- 
diate y within the lesion, fluoroscopy is 
discoatinued. The stylet is removed from 
the needle and a £o cc. glass syringe is 
immediately attached to the hub. Suction 
is created by withdrawing the plunger of 
the syringe with the right hand, while the 
barrel of the syringe is rotated and ad- 
vanced with the left hand. The simultane- 
ous zdvancement and rotation movements 
cut a sharp core from the lesion. After 
several rotations and after a sufficient depth 
is reached (commonly it is preferable to 
go entirely through the lesion), suction 1s 
maintained and the needle is quickly with- 
drawn. The skin and subcutaneous tissues 
are gently massaged over the needle open- 
ing to avoid air entering the pleural space. 
Tincture of Collodion and a sterile band-aid 
are applied over the needle puncture site. 

Tae chest is then examined fluoroscopi- 
cally during inspiration and expiration, in 
the recumbent and erect positions, to de- 
tect eny evidence of pneumothorax. If no 
eviceace of a significant pneumothorax is 
found on fluoroscopic examination, the 
patient is permitted to be moved from the 
tabe and a posteroanterior erect expira- 
tory “baseline” roentgenogram is obtained. 
The symptoms of a pneumothorax are ex- 
plained to the patient. Clinical observa- 
tion 's carried out for 24 hours, and a rou- 
tine roentgenogram is obtained at the end 
of chis period if no intervening complica- 
tions have taken place. If a pneumothorax 
with more than 25 per cent collapse of the 
lung is noted, or if the patient's prior pul- 
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monary function studies indicate that even 
a small pneumothorax may be hazardous, 
a pneumothorax catheter is immediately 
inserted and attached to a Heimlich 
valve.^" The air is immediately removed 
and the patient is observed with films ex- 
posed at 1, 4, and 24 hours. If, after a 
period of 24 hours, the lung remains com- 
pletely expanded, the pneumothorax cath- 
eter 1s removed. If, however, there is a 
continuous air leak as determined by the 
patient's symptoms of persistent dyspnea, 
and serial roentgenograms have revealed 
that the lung has continued to collapse, 
the pneumothorax catheter is attached to 
an Emerson pump with continuous suction 
for an additional period of 24 to 48 hours. 


SPECIMEN MATERIAL 


The accuracy of cytologic studies of pul- 
monary aspiration biopsy depends on ade- 
quate amounts and proper handling of the 
tissue material obtained. The cell material 
within the needle is partially expressed on 
glass slides to make direct smears, which 
are immediately fixed in 80 per cent alco- 
hol. The stylet is also inserted into the 
needle and any remaining tissue is ex- 
pressed directly into a jar containing an 80 
per cent alcohol solution. In addition, a 
small amount of material 1s expressed into 
a tube of serum broth, and routine cultures 
for bacteria and fungi are obtained on all 
cases. The syringe and the lumen of the 
needle are also rinsed with the 80 per cent 
alcohol solution to collect any tissue par- 
ticles that may have been sucked into the 
syringe or may have remained in the 
lumen of the needle. It is important to be 
expedient and to take great care in trans- 
ferring the tissues from the syringe to the 
slide in order to avoid cellular destruction 
and degeneration. 

All smears are stained by the Papanico- 
laou method. Tissue fragments are em- 
bedded in 3 per cent bacterial agar and are 
submitted for routine paraffin embedding, 
and hematoxylin and eosin staining. If 
sufficient material remains in the preser- 
vative alcohol, it 1s centrifuged and the 
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TABLEI 


NEEDLE ASPIRATION LUNG BIOPSY 
ANALYSIS OF 41O BIOPSIES IN 350 PATIENTS 


44 patients had 2 biopsies 
16 patients had 3 biopsies 


350 patients—6o lost to follow-up 


290 patients had proven diagnosis: 
230 patients proven to have malignancy 
190 patients had positive needle biopsy, 
a biopsy success rate of 83 per cent 
60 patients proven to have benign disease 
44 patients had positive needle biopsy, 
a biopsy success rate of 73 per cent 


234 of 290 patients had positive needle biopsy 
for malignant or benign disease, a biopsy 
success rate of 81 per cent 


centrifugate prepared in the same manner 
as the tissue fragments. If, however, the 
preservative alcohol is clear, it is filtered 
through a millipore filter and stained with 
a Papanicolaou's stain. 


RESULTS 


The results of 410 biopsy procedures 
performed on 350 patients are shown in 
Table 1. Forty-four patients were sub- 
jected to 2 biopsies, and 16 patients were 
biopsied 3 times in an effort to obtain satis- 
factory specimens. 

The correlation of surgical exploration, 
surgical pathology, postmortem examina- 
tions, cultures, clinical course, and roent- 
genologic findings served as the standard 
against which the success of the biopsy 
procedure was evaluated. From a study of 
available information, 60 of the 350 pa- 
tients subjected to pulmonary needle 
biopsy could not be adequately followed 
to substantiate an accurate diagnosis. 
Definite and accurate confirmation of the 
diagnosis was obtained in the remaining 
290 patients. One hundred and ninety pa- 
tients had a positive biopsy for malignancy, 
while 40 patients were not successfully 
diagnosed by needle biopsy. Forty-four 
patients had a positive biopsy for benign 
disease, while 16 patients were not success- 
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TABLE II 


NEEDLE ASPIRATION LUNG BIOPSY 
ANALYSIS OF MALIGNANT NEOPLASMS 
PROVEN BY NEEDLE BIOPSY 


Total 

Carcinoma 

Others 6 
Neurofibrosarcoma 
Rhabdomyosarcoma 
Dermatofibrosarcoma 
Fibrosarcoma 
Leiomyosarcoma 
Giant cell tumor 


et 


fully diagnosed by needle biopsy. Two 
hundred and thirty-four patients out of 290 
patients had a positive diagnosis made by 
needle biopsy, representing a success rate 
of 81 per cent. 

Of the 190 patients with substantiated 
positive needle biopsies for malignancy, 
184 had carcinomas and 6 other lesions 
(Table 11). The carcinomas included well- 
differentiated squamous cell and adeno- 
carcinomas, as well as undifferentiated 
anaplastic carcinomas. The other lesions 
consisted of fibrosarcoma (1), rhabdomyo- 
sarcoma (1), dermatofibrosarcoma (1), 
neurofibrosarcoma (1), leiomyosarcoma (1), 
and giant cell tumor (1). There were 40 
patients in whom a diagnosis was not 
made by needle biopsy and who were later 
proven to have malignancy (Table 111). 
Thirty-four had carcinomas, while the re- 
maining 6 had Hodgkin’s disease (1), pseu- 


TABLE III 


NEEDLE ASPIRATION LUNG BIOPSY 
ANALYSIS OF PATIENTS WITH PROVEN MALIGNANCIES 
IN WHOM A NEEDLE ASPIRATION 
BIOPSY WAS NOT SUCCESSFUL 


Carcinoma 3 
Hodgkin’s disease 
Pseudolymphoma 

Osteogenic sarcoma 
Choriocarcinoma 
Leiomyosarcoma 


— = O m eS d 


Twenty-two specimens were thought to be adequate at the time 
of biopsy. However, the material was not adequate to allow the 
pathologist to make a definite diagnosis. Normal lung specimens 
were classed as “unsatisfactory.” 
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dolympkoma (1), metastatic choriocar- 
cinoma “1), leiomyosarcoma (1), and met- 
astatic osteogenic sarcoma (2). In this 
group there were 18 patients in whom sat- 
isfactory biopsies were not obtained at the 
time of biopsy. Twenty-two tissue speci- 
mens were thought to be adequate at the 
time of biopsy; however, the material was 
not adequate to allow the pathologist to 
make a definite diagnosis. Normal lung 
specimens were classified as “‘unsatisfact- 
ory.” The size of the lesion was not a factor 
in the success of obtaining or failing to ob- 
tain a positive biopsy. The lesions of these 
22 patients ranged from 1 to 7 cm. in di- 
ameter. 

Forty-four patients had a positive biopsy 
diagnosis of a benign process (Table rtv). 


TABLE IV 


NEEDLE ASPIRATION LUNG BIOPSY 
ANALYSIS OF PROVEN BENIGN LESIONS 








Proven by needle biopsy: 44 


Grarulomatous disease m 
Tuberculosis 
Histoplasmosis 
Cocci 
Sarcoid 
Nonspecific 


U t NNA 


Bronchopneumonia I 
Lung abscess (bacterial) 
Chrcnic inflammatory 

Pleuzal scar 

Aspergillosis 

Amvyloidosis 

Amebiasis 

Emphysema 

Pancreatic fluid 


T PN =e oM oM H OUO N t 


Benign lesions not proven by needle biopsy, but 
proven by other methods: 


Fibroxanthoma 

Lipcid pneumonia 

Subpleural lipoma 
Total 


Granulomas 2 
Har-artomas 2 
Tuberculosis 4 
Coczi I 
Sarcoid 3 
M. Lattey I 
I 
I 
I 
6 


laza] 
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In this group there were 1:5 cases of 
granulomatous disease which included 
tuberculosis (6), coccidioidomycosis (2), 
histoplasmosis (2), sarcoid (2), and other 
nonspecified granulomatous disease (3). 
There were 12 cases of bacterial broncho- 
pneumonia, 7 cases of bacteria! lung 
abscess, and 3 cases described as "chronic 
lung disease" of unspecified etiology. The 
remaining cases included pleural scar (1), 
amebiasis (1), aspergillosis (1), amyloidosis 
(1), emphysema (2), and pancreatic fluid 
(1). Sixteen cases out of 60 benign lesions 
were unproven by needle biopsy, but were 
subsequently proven by other means— 
surgery, postmortem examination, etc. 
These included granulomas (2), hamarto- 
mas (2), M. tuberculosis (4), M. battey (1), 
coccidioidomycosis (1), sarcoidosis (3), 
fibroxanthoma (1), lipoid pneumonia (1), 
and subpleural lipoma (1). 


REPORT OF CASES 


Case 1. M.S., 48 year old Negro female. 
Chest roentgenogram revealed enlargement of 
the left hilum, with a lesion in the left upper 
lobe (Fig. 1). Routine work-up, including 
sputum cytology and cultures, was noncon- 
tributory. A brush biopsy following bronchos- 
copy, a scalene node biopsy, and mediastinos- 








i 
Fic. 1. Case 1. Chest roentgenogram showing en- 
largement of the left hilum with left upper lobe 
lesions. Typical epidermoid carcinoma found on 
needle aspiration biopsy. 
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Fic. 2. Case 11. Chest roentgenogram showing pe- 
ripheral 3 cm. diameter nodule in right mid-lung 
field (arrows). A typical adenocarcinoma was 
found on needle aspiration biopsy. 


copy yielded no evidence of any malignant 
cells. Needle aspiration biopsy proved the 
lesion to be a typical epidermoid carcinoma of 
the lung. 


Case n. P.H., 48 year old Negro female. A 
o.5 cm. ill-defined nodule was found on a routine 
chest roentgenogram (Fig. 2). All laboratory 
and clinical findings were noncontributory. 
Needle aspiration biopsy proved this to be an 
adenocarcinoma. 


Case ri. M.M., 68 year old white male. The 
chest roentgenogram showed a right upper lobe 
mass (Fig. 34). Needle aspiration biopsy 
proved the lesion to be a squamous cell carci- 
noma. A pneumothorax following the biopsy 
was immediately successfully treated, using a 
pneumothorax catheter with a Heimlich valve 


(Fig. 3B). 


Case rv. H.G., 32 year old Negro male who 
was relatively asymptomatic. Diffuse dissemi- 
nated, ill-defined lesions were noted in both 
lungs (Fig. 4). Needle aspiration biopsy showed 
typical sarcoid granuloma. 


Case v. C.J., 63 year old white male. Patient 
had findings of old tuberculosis and bullous 
emphysema. A rounded opacity was noted 
within one of the emphysematous areas in the 
left upper lobe (Fig. 5). Needle aspiration 
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Fic. 3. Case 111. (4) Chest roentgenogram showing right upper lobe mass. Squamous cell carcinoma was 
found on needle aspiration biopsy. (B) Symptomatic pneumethorax treated immediately with pneumo- 
thorax catheter and Heimlich valve. 


biopsy showed typical mycelia associated with Ed 
an aspergilloma. 

Case vi. E.G., 35 year old white female. Pa- 
tient admitted because of dyspnea and fever. 
The lesion in the right lung field (Fig. 6) failed 


to respond to antibiotics. Stool cultures were 





1 


Fic. 5. Case v. Chest roentgenogram of patient with 
chronc pulmonary tuberculosis and  bullous 
emphysema, particularly in both upper lobes. 

i There i a mass-like lesion in the cavity in the left 

Fic. 4. Case iv. Bilateral diffuse, disseminated, upper lobe. Typical mycelia associated with an 
poorl y-defined lesions. Typical sarcoid granuloma aspergil.oma were found on needle aspiration 
was found on needle aspiration biopsy. biops7. 





Vor. 


122, No. 4 








Fic. 6. Case vi. Chest roentgenogram of pc tent with 
right upper lobe mass-like lesion and irfltrate in 
right lower lobe. The fluid removed from the right 
upper lobe lesion contained trophozoites on wet 
mount, typical of amebiasis. 


negative. Patient was suspected of having 
amebiasis, since she had visited Mexicc several 
times. Needle aspiration biopsy of -he right 
upper lobe lesion showed trophozoites on wet 
mount typical of amebiasis. 


DISCUSSION 


For practical purposes, the pathologic 
interpretation of a needle aspiration biopsy 
can be grouped into several catsgories: 
(1) the specimen may be interpreted as 
neoplastic, 7.e., a malignancy thus provid- 
ing a definite diagnosis, and, on more rare 
occasions, a benign neoplasm may be 
found; (2) the specimen may be inter- 
preted as providing sufficient information 
to permit the diagnosis of a benign non- 
neoplastic process; (3) biopsy specimen 
may appear adequate; however, if < definite 
diagnosis cannot be made, 7.e., b2aign or 
malignant, the biopsy has to be corsidered 
"unsatisfactory." Normal lung tissue can- 
not be accepted as a normal biopsy, but 1s 
considered “unsatisfactory.” The unsatis- 
factory biopsy must be repeated, particu- 
larly when there is a suspicion of possible 
malignancy, since experience has shown 
that the number of unsatisfactory speci- 
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mens will become satisfactory with second 
and third biopsy procedures. Of the 44 
lesions subjected to 2 biopsy procedures, 
the diagnosis was established in 20 by the 
second procedure. Of the 16 patients sub- 
jected to 3 biopsies, the diagnosis was 
made in g by the third procedure. Just as 
multipe sputum cytology specimens im- 
prove the yield, so do multiple pulmonary 
biopsies increase the chances for a correct 
diagnosis. 

When dealing with a persistent, localized 
pulmonary lesion, the primary concern 1s 
to exchide malignancy. However, definite 
benign diagnosis would provide informa- 
tion tc justify further observation before 
surgery, particularly if the patient is a poor 
risk. A specific histologic or culture diag- 
nosis was provided in 234 of 290 patients 
—a success rate of 81 per cent. 

Of the cases of proven malignancy, 40 
patients were not diagnosed by needle 
biopsy. In 18 of these patients, the biopsy 
specimens were not satisfactory at the 
time of biopsy. In 22 other patients, the 
specimens were thought to be satisfactory 
at the time of biopsy; however, the pathol- 
ogist could not make a definite diagnosis, 
and tiese were therefore classified as 
"unsatisfactory." 

Of the benign lesions, 44 out of 60 were 
diagnosed by needle biopsy—a success rate 
of 73 per cent. In 16 patients the diagnosis 
could not be made by needle biopsy be- 
cause the tissue submitted to the patholo- 
gist did not allow a definite diagnosis, and, 
again, these were classified as "'unsatis- 
factory." Thus, when any biopsy did not 
supply adequate tissue to make a definite 
diagnosis of benign or malignant disease, 
the biopsy was considered "'unsatisfac- 
tory." Adequate normal lung tissue was 
considered as ''unsatisfactory" and was 
not classified as an absence of specific be- 
nign disease or absence of malignancy. 

Table v is an analysis of the complica- 
tions encountered in 410 needle aspiration 
procedures performed on 350 patients. One 
hundred and nine (26.6 per cent) pneumo- 
thoraces were observed, and 3o (7.3 per 
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TABLE V 


NEEDLE ASPIRATION LUNG BIOPSY 
ANALYSIS OF COMPLICATIONS 


(410 biopsy procedures) 


No. Per Cent 

Pneumothorax 109 26.60 

Tube required 30 T. 26 
Subcutaneous emphysema 5 1.24 
Hemoptysis—self-limited 4 1.00 
Hemothorax 6 1.50 
Hematoma 2 . 50 
Hemorrhage—self-limited focal 2 50 
Seizure I 28 
Vomiting I .24 
Hepatic tissue I .24 
Death (cardiac arrest; hemor- 

rhage—2 days later) 2 . £O 


cent) required intercostal tube insertions 
for removal of the air. Most of the pneumo- 
thoraces were small, completely asympto- 
matic, and resolved spontaneously. The 30 
cases requiring closed intercostal drainage 
to re-expand the lung included some pa- 
tients who were dyspneic at rest due to 
advanced emphysema, with a minimal 
pneumothorax resulting in increasing dys- 
pnea. With the others, a large pneumo- 
thorax accompanied by dyspnea required 
the immediate institution of closed inter- 
costal tube drainage to speed re-expansion 
of the lung. The use of a simple pneumo- 
thorax catheter and Heimlich valve de- 
scribed previously allows the radiologist 
to treat immediately any pneumothorax 
while the patient is still on the fluoroscopic 
table, thus preventing any complications 
that might arise from a pneumothorax. An 
analysis of the incidence of pneumotho- 
races in those patients biopsied 2 or 3 times 
on the same date showed that the incidence 
of occurrence of pneumothorax was greater. 
Usually it is more prudent to obtain 1 good 
biopsy, have it analyzed, and then repeat 
the procedure on a subsequent date, when 
necessary. Six patients had a hemothorax, 
and 1 of these patients required intercostal 
tube drainage. There were 5 cases of mod- 
erate subcutaneous emphysema and 4 cases 
of hemoptysis which were self-limited. One 
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case died shortly after the needle was in- 
serted, zad death was attributed to a 
pneumot -orax followed by a cardiac arrest. 
A second »atient died of pulmonary hemor- 
rhage 2 days after the biopsy procedure. 
Both pat ents were extremely poor risks, 
and it m zht be well to point out that the 
general physical condition of the patient 
must be -arefully studied prior to institut- 
ing any 3ieedle biopsy procedure. Cardiac 
and pulmonary function studies should be 
includec in this evaluation. Serious pneu- 
mothorz- complications in debilitated pa- 
tients can usually be averted by immedi- 
ately msærting a pneumothorax catheter 
and evacuating air from the pleural space, 
particularly if a tension pneumothorax 1s 
suspectec. A recent case report" with a re- 
view of t-e literature describes a death due 
to aspiration (blood in the tracheobronchial 
tree) following lung biopsy in a patient 
with idicpathic interstitial fibrosis. The 
cause c: death was tracheal occlusion sec- 
ondary t» clotted blood. It is emphasized 
that patiznts selected must be alert enough 
to clear -heir secretions and blood clots. 
Of the c-her causes of deaths cited, one 
was due to tension pneumothorax’ and 
another was due to air embolism.” There 
was no evidence of any tumor dissemina- 
tion along the needle tract in any of our 
cases. Nc evidence of any spread of any 
associatei pulmonary infections was en- 
countered. However, it is our policy to 
routindy place a patient on antibiotics, if 
a biopsy should yield frank pus or if a 
pneumot iorax has occurred requiring inter- 
costal tube drainage. 

The sıccess of needle aspiration of the 
lung depends not only on the accuracy and 
adequacy of the biopsy, but equally im- 
portant.y on the skill and meticulous tech- 
nique of tre cytologist, pathologist, and the 
bactericlegist. The cytologic technician is 
present curing the procedure, so that the 
biopsy material can be immediately trans- 
ferred frem the needle to the slides and to 
the 80 per cent alcohol solution without 
undue delay causing deterioration of the 
cellular material. 

Stress should be placed upon the fact 
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that a finding of “‘no malignant cells" must 
not be taken as absolutely conclusive proof 
of the absence of malignancy. Even after re- 
peated “‘satisfactory”’ biopsies, if a specific 
diagnosis is not established and the lesion 
persists, thoracotomy is mandatory, par- 
ticularly if the patient is in the 30-70 year 
group. Conversely, the argument migat be 
advanced against the necessity for a needle 
biopsy, since those patients who prove to 
have a bronchogenic carcinoma will under- 
go resection in any event. Knowledge trata 
lesion is malignant should prompt routine 
preoperative scalene node biopsies for 
metastatic disease, as well as bronchoscopy 
and mediastinoscopy for mediastinal in- 
volvement, in order to determine the extent 
of spread preoperatively. This is a grea- aid 
in the planning of the type of operative 
procedure prior to open thoracotomy. In 
addition, the fact remains that preoperat- 
ive irradiation in some patients may oro- 
vide the only hope of achieving resectzbil- 
ity, while in others the cell type and loca- 
tion or extent of the tumor make irradia- 
tion the only reasonable therapeutic chcice. 
With newer tissue culture techniques, it 
may be possible to obtain cellular material 
to determine both chemotherapeutic ind 
radiotherapeutic sensitivities of neoplastic 
cells prior to surgery. Most importent, 
however, is the fact that the diagnostic 
work-up of a patient can be considerably 
shortened if a diagnosis is made available 
by an aspiration biopsy relatively early in 
the course of the evaluation. 

In many cases, the delay in arriving at 
the proper diagnosis, which is a specific re- 
sponsibility of the physician in charge, may 
prove to be as long as the patient's de. ay 
in consulting him. For better results to be 
obtained in treatment of carcinoma of the 
lung, every diagnostic method should be 
employed within a short period of time— 
1.e., one week if possible. 

The number of positive biopsies tends 
to increase with the skill of the operator. 
This is quite evident in a residency training 
program, where an increase in positive 
biopsies parallels the increased proficiency 
that results from a progressive training 
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experience. Perfection must not be ex- 
pected, and those who would reserve needle 
biopsy fer those lesions which cannot be 
diagnosed by any conventional means will 
often adc to the unnecessary delay in the 
urgent treatment of neoplasm. Needle 
biopsy should be used earlier and more fre- 
quently to shorten the diagnostic interval 
and to allow more prompt and definitive 
therapy. This is particularly important be- 
cause many physicians are reluctant to per- 
form open thoracotomies on nondescript, 
questionable lesions. A needle aspiration 
biopsy will more often provide a positive 
direct diagnosis preoperatively, convincing 
both the patient and the referring physi- 
cian that an immediate thoracotomy 1s 
necessary. 


CONCLUSIONS AND SUMMARY 


Percutaneous needle aspiration biopsy 
of pulmonary lesions is a simple, safe, 
practical, and acceptable diagnostic pro- 
cedure. The diagnostic yield of this pro- 
cedure exceeds that of any other method, 
other than open thoracotomy. With the 
use of No. 16 or No. 18 thin-walled needles, 
image amplifier guidance, and needle guid- 
ance instruments, all lesions, either in 
central or peripheral portions of the lung, 
are accessible for biopsy. 

Four hundred and ten needle aspiration 
biopsies were carried out on 350 patients. 
Of 290 confirmed cases, 190 were proven to 
be malignant by needle biopsy and 44 were 
proven to be benign. Two hundred and 
thirty-four patients out of 290 were diag- 
nosed by needle biopsy—a biopsy success 
rate of 81 per cent. A second or third biopsy 
will significantly increase the number of 
satisfactory biopsies. The complications of 
a pneumothorax are of no consequence and 
can be immediately handled by the radiol- 
ogist using a pneumothorax catheter. Other 
complications of subcutaneous emphysema, 
hemothorax, hematoma, or hemoptysis 
are usually self-limited and generally re- 
quire no treatment. However, 2 deaths oc- 
curred out of 410 needle aspirations. Ex- 
tremely deb litated patients should not be 
subjected to this procedure. 
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Needle biopsy should be used earlier and 
more frequently to shorten the diagnostic 
interval and to allow more prompt and 
definitive therapy for any persistent lung 
lesions which cannot be accurately or 


promptly diagnosed by conventional 
means. 

E. Nicholas Sargent, M.D. 

Box 677 


LAC-USC Medical Center 
1200 North State Street 
Los Angeles, California 90033 
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MUR a more aggressive approach to 

the medical and surgical management 
of aortic dissection, angiographic study of 
the aorta and its branches has become in- 
dispensable in the diagnosis and classifica- 
tion of the type of aortic dissection. In typi- 
cal cases, angiographic diagnosis is not 
difficult. However, recent experience has 
shown that precise understanding of the 
anatomic abnormality may be exceedingly 
difficult in some patients. 

The purpose of this paper is to make a 
comprehensive analysis of aortograms in 
aortic dissection. A three dimensional ap- 
proach to the understanding of the dissec- 
tion will be emphasized. 


DEFINITION 


The term aortic dissection is preferred 
to the commonly used term dissecting 
aneurysm to clearly distinguish dissection 
from the usual type of aneurysm and false 
aneurysm. There is much confusion ap- 
parently caused by the misnomer dissect- 
ing aneurysm. There are many examples of 
aortic dissection in which the false lumen 
is so thin that the term aneurysm cannot 
be justified. Moreover, the term dissecting 
aneurysm may be misleading because it 
indicates that the dissection starts from a 
pre-existing simple aneurysm. 

A schematic depiction of aneurysm, false 
aneurysm and aortic dissection is shown in 
Figure 1. In the usual type of aneurysm, 
all 3 layers of the aortic wall protrude out- 
ward from the lumen. A false aneurysm is 
usually produced by trauma and is essen- 
tially a perforation or penetration of the 
aorta, with the wall of the false aneurysm 
formed by adventitia or surrounding peri- 


vascular tissues. In contrast, an aortic 
dissection is a separation of the intima and 
adventitia and usually occurs at the junc- 
tion between the middle and outer thirds 
of the media. The dissection may involve a 
localized area of the aortic circumference 
or may involve the entire circumference. 
A three barrel type may also occur, with 1 
true lumen and 2 false lumens. 

An important anatomic feature is that 
in dissection, the aortic lumen (the true 
lumen) is not dilated but compressed by 
the false lumen. This feature is almost uni- 
versally foind in dissection of the descend- 
ing thoracic and abdominal aortas. An 
exception may be in the ascending aorta 
in cases of Marfan's syndrome or in idio- 
pathic cystic medial necrosis of the ascend- 
ing aorta. In these cases, the ascending 
aorta may show aneurysmal dilatation 
with or without dissection, and the true 
lumen sometimes remains wider than nor- 
mal.’ 


CLASSIFICATION 


Of severzl classifications,^* that of De- 
Bakey et al* has been widely accepted and 
has been found useful in the angiographic 
diagnosis aad management of aortic dis- 
section (Fig. 2). Type I is the most com- 
mon (Fig. 3, 4—-E); the dissection begins 
in the ascerding aorta and extends across 
the aortic arch and often down to the iliac 
arteries. In Type II, most commonly seen 
in Marfan’s syndrome, dissection is limited 
to the ascerding aorta. In Type III, the 
dissection begins from the thoracic aorta 
distal to the left subclavian artery and 
extends for a variable distance (Fig. 4, 


A-D); 
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ANEURYSM 





DISSECTION DISSECTION , THREE BARRELS 
CIRCUMFERENTIAL 


Fic. 1. Schematic depiction of aortic aneurysm, false aneurysm, and dissection. Aorta viewed in cross 
section. Solid line represents adventitia, broken line imtima and dotted area false channel. 


TECHNIQUE OF AORTOGRAPHY 


We prefer a retrograde femoral approach 
to aortic catheterization except in cases 
in which the femoral pulse is absent. In this 
instance, introduction of the catheter 


/ 


/ | 
//\ 








through the brachial or axillary arteries is 
preferred. Occasionally a combined femoral 
and brachial approach may be necessary. 
Venous aortography often proves unsatis- 
factory because of poor concentration of 





Fic. 2. Types of aortic dissection based u»on the classification of DeBakey. 
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Fic. 3. Type I Aortic Dissection. (4) Thoracic zortogram, right pos-erior oblique projection. Injection into 
true lumen. Faintly opacified false lumen is located anteriorly and on the right. Dissection extends to the 
innominate and right subclavian artery (arrows). Marked aortic regurgitation. Note medial position of 
the catheter in the ascending aorta. (B) Injection into false lumer. Innominate artery partially supplied 
from false channel. (C) Descending thoracic zortogram, right, posterior oblique projection. Compression 
of true lumen. False lumen faintly opacified, and located posterior.y and laterally (arrows). (D) Thoracic 
and abdominal aortogram. (E) Low abdomina aortogram. Dissect on extends to left common iliac artery 


(arrow). Left renal artery not opacified. 


contrast material. Serial films are obtained 
at the rate of 2 to 3 exposures per second. 
Cineangiography is not recommended be- 
cause of relatively poor resolution, par- 
ticularly in the mediastinal and abdominal 
areas and because of the limited area of 
view. 

To obtain a complete study, it is im- 
portant to visualize the aorta from tne 
root of the ascending aorta to the aortic 


bifurcation and even the iliac arteries. The 
first injection should be made into the as- 
cending aorta. Biplane anteroposterior and 
lateral projections are desirable, but we 
have found that the right posterior oblique 
projection usually supplies sufficient infor- 
mation. For visualization of the abdominal 
aorta, an anteroposterior projection is used. 
Sometimes a lateral view will be needed to 
provide clear anatomic information. We 
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Fic. 4. Type III Aortic Dissection. (4) Thoracic aortogram, right posterior oblique projection. False channel 
is not yet opacified, and is located posteriorly and on the Eft side (arrows). (B) Low thoracic aortogram, 
anteroposterior projection. False channel has spiraled posceriorly and appears on the right side. Intimal 
tear is indicated by arrow. (C) More contrast material in false channel. Celiac, superior mesenteric and 
left renal arteries are supplied by true lumen. (D) Contrast material in the true lumen has been washed out; 
false channel is now well opacified and supplies right renal artery (arrow). 
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have not encountered any serious ccmplica- 
tions produced in patients with ao~ic dis- 
section by utilizing retrograde percu- 
taneous femoral angiography. 


AORTOGRAPHIC FINDINGS 


Aortographic findings are summarized 
in Table 1. Some of the findings are very 
reliable and represent aortographic depic- 
tion of the actual pathology. 


DOUBLE CHANNELS AND LINEAR RADIOLUCENCY 


Demonstration of double channels and / 
or a linear radiolucency within the opaci- 
fied aorta is the hallmark of aortic dissec- 
tion. Without these findings, a diagrosis of 
aortic dissection is subject to error unless 
there is clear-cut compression of thz aortic 
lumen. It is important to recognize that 
several projections may be required ‘or the 
demonstration of these findings. A linear 
radiolucency, representing the torn = sepa- 
rated intima (plus the inner two-tx rds of 
the media), may be found only wien the 
x-ray beam is tangential to the intima. 
The probability of such an event is rather 
small and accounts for the relatwe in- 
frequency of this finding. 

Double channels can be recognized when: 
(1) a linear radiolucency is visualized 
separating the 2 channels as described 
above; (2) the 2 channels are opacified in 


TABLE I 


AORTOGRAPHIC FINDINGS IN AORTIC DISSE* TION 











I. Direct Signs 
1. Double channels 
2. Linear radiolucency (torn or separated 
intima) 
3. Entry 
4. Re-entry 
II. Indirect Signs 
I. Compression of aortic (true) lumen by 
(false) lumen 
2. Thickening of aortic wall (greater than 5-6 
mm., normally 2-3 mm.) 
3. Ulcer-like projection 
4. Abnormal catheter position 
IIT. Nonspecific Finding 
Aortic regurgitation 
IV. Branch Involvement 
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different density or timing; or (3) catheter- 
ization of each lumen is accomplished and 
contrast material is injected separately. 

Aortic dissection may be totally un- 
recognized in certain projections or when 
there is simultaneous equal opacification of 
both channels. 42 abnormal catheter posi- 
tion as described by Cramer and Amplatz,? 
in which the catheter tip curves around the 
aortic arch and maintains a position on the 
inner portion of the aorta rather than rest- 
ing against the outer portion, is a helpful 
finding. This is particularly true when there 
is simultaneous opacification of the true 
and false channels of the ascending aorta 
and aortic arch. A high degree of opacifica- 
tion of both the true and false channels 
signifies that there is a re-entry of the false 
lumen distally accompanied by a high rate 
of blood flow. 


ENTRY AND RE-ENTRY 


The exact site of entry (the most proxi- 
mal intimal tear) may be clearly identified. 
This can be demonstrated by contrast ma- 
terial passing from one lumen to the other, 
usually from true to false lumen (Fig. al). 
by a filling defect caused by unopacified 
blood passing from the other lumen, or 
occasionally by the catheter position, which 
has passed beyond the intimal tear (Fig. 
34). Sometimes the exact location of the 
intimal tear cannot be determined. For- 
tunately, in the majority of cases, the intimal 
tear is located in the proximal few centi- 
meters of the ascending aorta in Type I 
and Type II, and close inspection of the 
angiogram in this area will often reveal 
the position of the tear. Similarly, close 
scrutiny of the aorta in the region of the 
origin of the left subclavian artery is help- 
ful in identifying Type III dissection. It 
may be reasonable to consider that the 
tear 1s located in the most proximal portion 
of the demonstrated dissection when it 
cannot clearly be pointed out. However, it 
should be recognized that dissection may 
progress proximally. 

The site of re-entry may be single or 
multiple and is sometimes related to branch 
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arteries. This finding is described in more 
detail in the discussion of branch involve- 
ment. 

Approximately 5 per cent of aortic dis- 
sections do not have intimal tears.’ This 
supports the theory that the hemorrhage 
is initiated by ruptured vasa vasorum, 
rather than intimal tear. 


COMPRESSION OF AORTIC (TRUE) LUMEN 


This is another characteristic aortogra- 
phic finding in aortic dissection (Fig. 3B). 
The finding is most dramatic in acute cases 
where selective injection is made into the 
narrowed true lumen. As described pre- 
viously, the true lumen may remain wider 
than normal in the ascending aorta in cases 
of Marfan’s syndrome or idiopathic medial 
necrosis of the ascending aorta, and it is 
sometimes difficult to differentiate be- 
tween aneurysmal dilatation of the ascend- 
ing aorta and dissection.’ 


THICKENING OF AORTIC WALL 


When the false lumen is not opacified, 
aortographic findings mentioned above (ex- 
cept for compression of the aortic lumen) 
will not be found. The false lumen is not 
opacified when: (1) it is filled with blood 
clot; (2) the intimal tear is located more 
distally than the lowermost portion of the 
obtained film (and the dissection has pro- 
gressed proximally as well as distally); or 
(3) there is no intimal tear. In these cif- 
cumstances, thickening of the aortic wall 
(normal 2 to 3 mm.) may be the major 
aortographic finding of aortic dissection. 
When the thickening of the aortic wall in- 
cludes a long segment of the aorta, par- 
ticularly the descending aorta, the diag- 
nosis of aortic dissection can be made with 
reasonable certainty. However, it should 
be emphasized that this finding is some- 
times subject to error. Aortic wall thickness 
in the ascending aorta is unreliable as this 
can be produced by normal mediastinal 
structure or accumulation of fat.!? 

An ulcer-like projection of the contrast 
material from an otherwise smooth aortic 
lumen has been described. Further descrip- 
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tion of this helpful finding will be made in 
the Section of Branch Involvement. 


AORTIC REGURGITATION 


Althocgh the presence of aortic regurgi- 
tation is a nonspecific finding, this is an 
importart angiographic observation in as- 
sociation with aortic dissection, both from 
the prcgnostic and surgical standpoints. It 
should be remembered that injection into 
the false lumen may fail to demonstrate 
aortic regurgitation. Failure to visualize 
the typical configuration of the aortic 
sinuses and coronary arteries when injec- 
tion is made into the ascending aorta indi- 
cates that the catheter is located in the false 


lumen (Fig. 54). 


COURSE OF DISSECTION 


The dissections are most often located on 
the anterolateral aspect on the right side in 
the asczr ding aorta, superiorly in the aortic 
arch ard on the posterolateral aspect on the 
left side in the descending thoracic aorta.’ 
The fact that dissection is often located 
posteriorly and on the left side in the de- 
scendirg and abdominal aortas, thus re- 
sulting in higher incidence of involvement 
of the left renal and iliac arteries, has been 
emphasized by many authors, notably 
Siegelman eż a/.? A schematic description 
is given in Figure 64. However, it is also 
true that in the descending thoracic and 
abdom nal aortas, dissection often spirals 
posteriorly and appears on the right side 
(Fig. 68; and 4, 4 and B). 

Dissection may involve the whole cir- 
cumference of the aorta. An excellent exam- 


ple of this is shown in Figure 5, 4-C. 


BRANCH INVOLVEMENT 


Recognition of branch involvement facil- 
itates clear understanding of the anatomy. 
Figure 7 is a diagram of various types of 
branch involvement. In Figure 7B, dissec- 
tion extends into a branch artery. The true 
lumen cf the branch is compressed by 
dissect nz hematoma or false lumen. The 
true lumen can easily be totally occluded 
if the false lumen becomes enlarged. Ex- 
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Fic. §. An example of circum- 


Aortographic Analysis of Aortic Dissection 


ferential dissection. (4) As- 
cending aortogram, right 
posterior oblique projection. 
Injection made into false 
lumen. The aortic root is de- 
formed and coronary arteries 
are not opacified. (B) Mag- 
nification of descending tho- 
racic aorta. Centrally located 
narrowed true lumen is filled 
with unopacified blood. False 
lumen surrounds the true 
lumen. (C) Abdominal aor- 
togram, anteroposterior pro- 
jection. Dissection extends 
into both common iliac ar- 
teries. Left renal and most 
of intercostal and lumbar 
arteries arise from false lu- 
men. Celiac, superior mesen- 
teric and right renal arteries 
not opacified. These vessels 
are supplied by true lumen 
(confirmed at autopsy). 
(Courtesy of Dr. Richard 
King and Dr. Howard Klein, 
Euclid General Hospital, 
Cleveland, Ohio.) 
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Fic. 6. Common routes of dissection. (4) Dissection 
is commonly located anteriorly on the right side in 
the ascending aorta, superiorly in the arch, and 
posteriorly on the left in the descending and ab- 
dominal aorta. (B) Dissection not infrequently 
spirals posteriorly in the region of thoracic or ab- 
dominal aorta and appears on the right side. 
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tension of dissection into a branch artery 
may be associated with distal re-entry 
(Fig. 7C). The branch artery may receive 
blood supply from both true and false 
channels. In Figure 7D, the intima is in- 
completely detached at the orifice of a 
branch artery. Depending upon the degree 
of the detachment, the branch artery will 
receive various degrees of blood supply 
from the false lumen as well as from the 
true lumen (Fig. 8, 4 and B). 

Comrlete detachment of the intima at 
the orifice of a branch may occur (Fig. 7 E). 
A hole may be left in the separated intima, 
corresponding to the detached orifice of 
the branch artery. Communication between 
the trwe and false channels can occur 
through the hole or holes (Fig. 9, 4- C). 
A similar, although not identical situation 
Is given in Figure 1o, showing ulcer-like 
outpouchings coinciding the orifices of 
the intercostal arteries. ""Ulcer-like pro- 
jections” from the opacified aortic lu- 
men :o the thrombosed false lumen, de- 


scribed by Eyler and Clark? and other 





Frc. 7. Diagrams of various types of branch involvement. Aor-a viewed in cross section at the orifice of an 
aortic branch. (4) Normal. (B) Dissection extends into a branch. True lumen may be compressed or 
occluded by false lumen. (C) Extension of dissection into a branch with distal re-entry. (D) Intimal tear 
at the orifice of a branch. (E) Complete detachment of the intima at the orifice of a branch. The branch 
artery receives blood exclusively from false lumen, unless tae intima seals off and occludes the branch. 
(F) No direct involvement of a branch, but the false lumen on the opposite side is approximating the 


orifice of a branch. 
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Fic, 8. Partial detachment of the intima at the orifice of an aortic »ranch (Fig. 7D). Thoracic aortogram, 
right posterior oblique projection. (4) Injection into true lumen which is markedly compressed. Left 
common carotid and subclavian arteries are well opacified from the true lumen. Little flow to the in- 
nominate artery. (B) Injection into false chamnel. Good opacifica-ion of the innominate artery (arrow), 
while left common carotid and subclavian arteries are not opacified. 


authors, may sometimes correspond to 
the detached or occluded orifices of small 
branches, in addition to the major intimal 
tear. 

With complete detachment of the intima, 
the branch artery will receive blood supply 
exclusively from the false lumen, although 
the detached intima at the orifice of the 
branch or developed thrombus may seal 
off and occlude the vessels. Even small 
branches such as intercostal and lumbar 
arteries can arise from the false lumen" 
as in Figure 5C. Should the injection of 
contrast medium be made into the true 
lumen, the branch will not be visualized. 

In Figure 7F, there is no direct involve- 
ment of a branch artery by the dissection, 
but the dissection on the opposite side is 
approximating the orifice of the branch. 
This type of indirect branch involvement 


may occur :n the abdominal aorta with re- 
spect to the relationship between anterior- 
ly located celiac and superior mesenteric 
arteries and posteriorly located false lumen 
(Fig. 11, Æ and B). Three dimensional de- 
piction is given in Figure 12. This case em- 
phasizes the value of the lateral projection 
in the abdominal aortic region for clear ana- 
tomical assessment and also illustrates the 
communicat on between the true lumen 
and false lumen through the detached ori- 
fices of the renal arteries. 


DIFFERENTIATION BETWEEN THE TRUE 
LUMEN AND FALSE LUMEN 


Table 11 summarizes several points of 
differentiation between the true lumen and 
false lumen. These are helpful, but are not 
universally applicable. As has been pointed 
out, the intercostal and lumbar arteries 
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Fic. 9. Complete detachment of the intima at the ori- 
fices of aortic branches (Fig. 7E). (4) High ab- 
dominal zortogram. True lumen is compressed and 
located oa the left. Note 2 jet streams, dumping 
from true lumen into false lumen, believed to be 
through the holes at the detached orifices of inter- 
costal arteries. (B) Magnification of 4. Two jet 
streams arrows). (C) Low abdominal aortogram. 
A jet stream (upper arrow) may coincide with the 
detached orifice of a lumbar artery. Main re-entry 
is present in the right common iliac artery (lower 
arrow). 


3» 


Fic. 11. Thin, anteriorly located true lumen compressed by posteriorly located false lumen (Fig. 7£). 
(4) Abdominal aortogram, lateral projection. Catheter is in the thin anteriorly located true lumen. False 
lumen is beginning to be opacified through the communication indicated by arrow. (B) Later phase. 
Celiac and superior mesenteric arteries arise from true lumen. At least one renal artery (arrow) arises from 
false lumen. 
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Fic. 10. Ulcer-like projections. Magnification of 
Figure 32. The dissection is located mainly on the 
left side and posteriorly but appears on the right 
side also. Note 2 projections (arrows), exactly co- 
inciding with the orifices of intercostal arteries. 
Ulcer-lik» projections described may sometimes 
coincide with detached or occluded orifices of 
aortic brznches in addition to main intimal tear. 

e 





























may arise exclusively from the false lumen. 
Blood supply of the coronary artery from 
the false umen probably never occurs, al- 
though it is theoretically possible. 

Sometimes, the aortograms are so con- 
fusing, es»ecially in the abdominal aortic 
region, that the differentiation is very diffi- 
cult or alraost impossible. A lateral projec- 
tion and -hree dimensional analysis, as is 
shown in Figure 12, may be helpful in dis- 
tinguishinz the true lumen from false 
lumen. 


PITFALLS AND LIMITATIONS IN AORTOGRAPHIC 
DIAGEOSIS OF AORTIC DISSECTION 


Table rm summarizes various pitfalls in 
aortographic diagnosis of aortic dissection. 
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Fic. 12. Schematic explanation of Figure 11. True 
lumen supplies celiac and superior mesenteric ar- 
teries. False lumen supplies renal arteries. Com- 
munication between true lumen and false lumen 
may be through the detached intima at the orifices 
of renal arteries (arrows). 


Simultaneous and equal opacification of 
both true and false channels has been em- 
phasized.?! Inappropriate projection is an- 
other cause of false negative aortograms. 
As has been previously described, aortic 
dissection may be totally unrecognized in 
certain projections (Fig. 138). The illus- 
trated case emphasizes the importance of 
visualizing not only the thoracic aorta but 
also the abdominal aorta and sometimes 
even the iliac arteries. 

Acute external rupture may cause false 
negative aortograms, since the false lumen 
may not be filled with contrast material. In 
one of our patients, who had an acute ex- 
ternal rupture into the pleural space, aorto- 
graphy failed to demonstrate the dissec- 
tion. At autopsy, a Type III dissection was 
demonstrated. It is speculated that the 
false lumen was not filled with contrast 
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TABLE III 


PITFALLS IN AORTOGRAPHIC DIAGNOSIS 
OF AORTIC DISSECTION 








I. False Negative 
1. Simultaneous and equal opacification of true 
ard false channels 
2. Inappropriate projection 
3. Acute external rupture 
II. Fa se Positive 
1. Tiickening of aortic wall (due to clotted 
aneurysm, mediastinal hematoma, athero- 
sclerosis, neoplasm, accumulation of fat, 
aortitis) 
2. Layering of contrast material (due to aortic 
ir sufficiency or Valsalva effect) 





material because of external bleeding, thus 
causimg a false negative aortogram. 

Thickening of the aortic wall is a helpful, 
but less reliable sign. An example of a false 
positive finding due to thrombosed aortic 
aneurysm is shown in Figure 14. The fact 
that the opacified aortic lumen is not com- 
pressed but rather dilated is the point to 
differentiate aneurysm from aortic dissec- 
tion. When the opacified aortic lumen is 
not dilated or compressed, the differentia- 
tion between aortic dissection and aortic 
aneurysm with thrombosis becomes more 
dificult. While in acute dissection, the 
true lumen is usually compressed by the 
false lumen, in chronic dissection with 
thrcm.bosis of the false lumen, the true 
lumen more or less regains its original diam- 
eter. 

Other causes of thickening of the aortic 
wal such as neoplasm along the aortic 
wal, mediastinal hematoma, atherosclero- 


TABLE II 


DIFFERENTIATION BETWEEN TRUE LUMEN AND FALSE LUMEN 


True Lumen 


False Lumen 


Location Anterolateral in ascending aorta 
Superior in aortic arch 
Posterolzteral in descending and abdominal aortas 
Pressure Systemic Low 
Flow Rapid Slow 
Size of lumen Often compressed Often wide 


Blood supply Coronary, intercostal, lumbar 


Usually does not supply coronary, intercostal, or lumbar 
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projection anc complete study by additional injection into the abdominal 
aorta. (4) Thoracic aortogram, right posterio- oblique projection, showing Type III dissection. (B) De- 
scending thoracic aortogram, anteroposterior projection. Pathologic condition is completely hidden. 
Celiac trunk and its branches well opacified. {t is important not to stop the examination at this point. 
(C and D) Abdominal aortograms. Complete o—lusion of left renal artery. Thin dissection extends to the 
lower abdominal aorta on the left side (arrows? involving the left common iliac artery. 
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Fic. 14. Thoracic aortic aneurysm with thrombosis 
proven at surgery, simulating aortic dissection. 
Thickening of aortic wall (arrows) is due to 
thrombosis. 


sis, accumulation of fat and aortitis must 
be carefully excluded, although they seldom 
pose a serious problem in the interpretation 
of aortograms of good quality. 

Layering of contrast material due to 
aortic insufficiency" or Valsalva maneuver! 
has been reported as a cause of false posi- 
tive aortographic findings. 

In some critically ill patients, a precise 
and complete aortographic study in the 
chest and abdomen with multiple projec- 
tions may not be feasible, and the diag- 
nosis may be erroneous. 


SUMMARY 


The protean features of aortograms in 
aortic dissection are discussed in detail. 

The three dimensional approach to a 
precise anatomic assessment is emphasized. 

Problems in angiographic diagnosis of 
aortic dissection are also included. 


Thomas F. Meaney, M.D. 
Department of Radiology 

The Cleveland Clinic Foundation 
9500 Euclid Avenue 

Cleveland, Ohio 44106 
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CALCIFIED NONSYPHILITIC ANEURYSMS OF THE 
SINUSES OF VALSALVA 


By ROBERT T. REINKE, M.D.,* MARC N. COEL, M.D.,- and CHARLES B. HIGGINS, M.D.* 


LA JOLLA, CALIFORNIA 


uS of Valsalva aneurysms are an 
uncommon entity with less than 3oo 
cases reported in the literature prior to 
1973. These aneurysms may be discrete 
aneurysms of a single sinus which are 
usually congenital, or may be due to an 
aneurysm of the aortic root which extends 
through the aortic annulus and causes 
generalized dilatation of all 3 sinuses of 
Valsalva," which is usually acquired. 

Calcified sinus of Valsalva aneurysms 
are even more unusual.’ In the past these 
have usually been associated with syphilis. 
We report here 2 cases of calcified sinus of 
Valsalva aneurysms, unassociated with 
syphilis. 


REPORT OF CASES 


Case 1. J.S. (#9511), a $3 year old white man, 
was diagnosed as having subacute bacterial en- 
docarditis in 1944, and was told he had the 
murmurs of aortic valvular insufficiency and 
stenosis. He received penicillin therapy for 33 
months. 

During the 1950s and 1960s he was hospi- 
talized multiple times for ethanol abuse, but had 
no cardiac symptomatology. He denied ever 
having had syphilis or a penile lesion. A VDRL 
in November 1950 was nonreactive. In 1955 
curvilinear calcifications were first noted on a 
chest roentgenogram. The VDRL was still non- 
reactive in June 1955. 

Because of his murmur and progressive cal- 
cification of the aneurysms of the sinuses of 
Valsalva (Fig. 1, 4-C) he was treated with 
penicillin and streptomycin in July 1972, al- 
though his cardiac symptoms were unchanged 
clinically. Physical examination revealed a 
blood pressure of 120/70 mm. Hg and murmurs 
of aortic valvular stenosis and insufficiency. 
The VDRL and the Fluorescent Treponemal 
Antibody-Absorption test were nonreactive. 
Roentgenograms of the sacroiliac joints were 


normal. Cardiac catheterization demonstrated 
moderate aortic valvular insufficiency and the 
discrete zneurysms of the sinuses of Valsalva 
(Fig. 2, 4 and B). After a 2 year follow-up, the 
patient remains asymptomatic. 


Case r. H.J. (#4972), a 53 year old white 
man, had 3 episodes of acute rheumatic fever 
in his early thirties and was told he had the 
murmur of aortic valvular insufficiency. He 
denied ev2r having syphilis or a penile lesion. 
He did well until age 43 at which time he had 
progressive dyspnea on exertion which was 
relieved by digitalization. 

During September 1972 he was admitted for 
evaluatior of chest pain. Physical examination 
revealed a wide pulse pressure and the periph- 
eral signs of aortic insufficiency. He had the 
murmurs of aortic valvular stenosis and aortic 
valvular insufficiency. There was also an Austin- 
Flint murmur and a S3 gallop. The neurologic 
examination was normal. 

A routire roentgenogram of the chest during 
September 1972, demonstrated a large calcified 
ascending aortic aneurysm (Fig. 3, //-C) con- 
tiguous with calcified aneurysmal dilatation of 
the sinuses of Valsalva. There was moderate 
cardiomegaly with biventricular enlargement. 
An electracardiogram showed left axis devia- 
tion, left ventricular hypertrophy with a strain 
pattern, and left bundle branch block. Choles- 
terol, triglycerides, latex fixation and antinu- 
clear antibody tests were normal. The VDRL 
and Fluorescent Treponemal Antibody-Absorp- 
tion tests were nonreactive. Roentgenograms of 
the sacroiliac joints were normal. Right and 
left heart catheterization demonstrated normal 
pressures in all chambers, and normal cardiac 
index and arteriovenous oxygen difference. 
There was moderate aortic regurgitation and a 
markedly dilated aortic root with aneurysmal 
dilatation cf the sinuses of Valsalva and ascend- 
ing aorta extending to and involving the arch 
vessels. 

Surgery was not attempted. Recent roent- 
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Fic. 1. Case 1. Roentgenograms of the chest in 
the (4) posteroanterior, (B) lateral, and (C) 
left anterior oblique projections display the 
calcified aneurysms of the sinuses of Valsalva 
(arrows). 


genograms of the chest have shown no change 
in the size of the ascending aortic aneurysm. 


DISCUSSION 


Aneurysms of the sinus of Valsalva may 
be congenital or acquired. Several excellent 
reviews have thoroughly dealt with the 
congenital sinus of Valsalva aneurysms 
and their relationships to ventricular sep- 
tal defects and acquired aortic valvular 
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insufficiency./?:1*? Congenital aneurysms 
of the sinus of Valsalva are usually dis- 
crete; j.e., involve a single sinus. They fol- 
low a definite pattern in site of origin and 
direction of development;* over 95 per 
cent cf aneurysms originate in the right 
coronzry sinus and the right part of the 
noncc-onary sinus, and project into the 
right ventricle or right atrium. Edwards 
et al.;/ have proposed that the fundamental 
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Fic. 2. Case 1. Retrograde aortic root injections in (4) lateral and (B) left anterior oblique projections 
demonstrate the sinuses of Valsalva (right [R], left [L] and noncoronary [NC] cusps). There are 2 aneu- 
rysmal dilatations extending from them. One (arrowheads) is posterior-inferiorly located between the 
noncoronary cusp and the left coronary cusp, and is best seen on the lateral projection (4). The second, 
best seen on the left anterior oblique projection (B), is higher and is at the level of the junction of the aortic 
annulus with the right coronary cusp, and does not fill (arrow), probably because it is filled with thrombus. 


cause of congenital aneurysms is due to a 
separation of the aortic media ard the 
annulus of the aortic valve. 

Acquired sinus of Valsalva aneurysms 
may be discrete® (localized) or generalized 
(involving all the sinuses), developing as a 
consequence of a localized inflammatory 
process or as a generalized lesion of the 
aortic root which extends through the 
aortic annulus and causes dilatation of all 
3 sinuses of Valsalva.!! Generalized dilata- 
tion of the sinus of Valsalva is usually ac- 
quired secondary to bacterial endocarditis,} 
syphilis,®!° or atherosclerosis." Mar- 
fan's syndrome is reponsible for those few 
generalized sinus of Valsalva anevrysms 
which arise on a congenital basis. 71%% 


The diagnosis of an aneurysm of the 
sinus of Valsalva on the plain roentgeno- 
gram is facilitated by the presence of calcifi- 
cation, which is a relatively rare finding. 
The majority of those reported in the past 
have occurred in syphilis.?:35:19.15 The litera- 
ture indicates that “when aortic calcifica- 
tion extends into the intracardiac origin of 
the aorta and outlines the aortic sinuses, 
the diagnosis of syphilitic aortic sin- 
us aneurysm becomes almost a cer- 
tainty.” 9121529 ()nly 2 cases of calcified 
aneurysm of the sinuses unassociated with 
syphilis?” have been previously described 
and both of these were congenital in origin. 
The current cases indicate that acquired 
aneurysms of the sinuses of Valsalva may 
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Fic. 3. Case 11. Roentgenograms of the chest in the (4) postercanterior, (B) lateral and (C) left anterior 
oblique projections demonstrate the large calcified aneurysm of the ascending aorta which extends to and 
involves the sinuses of Valsalva. Calcification in the dilated sinwses of Valsalva is indicated by arrows. 


calcify in the absence of a syphilitic eti- 
ology. 

The other plain film roentgenographic 
findings are relatively nonspecific as to 
etiology and include: (1) a prominent pul- 
monary arch segment due to enlargement 
of the sinus of Valsalva to the left; (2) a 
prominent localized bulge of the lower right 
cardiac margin; (3) a dilated ascending 
aorta;9!^?? and (4) presence of a “notch 
sign" between the ascending aorta and the 
heart noted on the posteroanterior or left 
anterior oblique views.'^ 


Linea- calcification of the aorta, which 
has long been recognized as an important 
sign of syphilitic aortitis9?* recently has 
been fo-nd not to be a pathognomonic 
roentgerographic sign of syphilis as pre- 
viously -hought.!5?* In this study the most 
common cause of ascending aortic calcifi- 
cation was atherosclerosis. These 2 cases 
show thet nonsyphilitic inflammatory dis- 
ease may cause calcification of aneurysms 
of the siaus of Valsalva. With the decrease 
in cardi-vascular syphilis, and the atten- 
dant increase in longevity, other causes of 
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calcification may become relatively more 
common. 


SUMMARY 


Calcification of a sinus of Valsalva 
aneurysm has been considered specific for 
a syphilitic aortitis. 

The current report contains 2 cases of 
calcified aneurysms of the sinuses of Val. 
salva due to nonsyphilitic inflammatory 
disease. These 2 cases along with 2 cases 
previously reported to be congenital in 
origin comprise a total of 4 reported cases 
with calcified aneurysms of the sinuses of 
Valsalva of nonsyphilitic etiology. 

Thus, calcified sinus of Valsalva aneu- 
rysms are not specific for syphilitic aortitis, 
but may rarely be associated with any of 
the etiologic factors responsible for these 
aneurysms. 


Robert T. Reinke, M.D. 
Department of Radiology 
University of California, San Diego 
University Hospital 

225 West Dickinson Street 

San Diego, California 92103 
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VARICOSE ANEURYSM OF THE THORACIC AORTA 
WITH AORTO-AZYGOS SYSTEM FISTULA* 


By ROGER A. HYMAN, M.D,,t and NATHANIEL FINBY, M.D., F.A.C.R. 
NEW YORK, NEW YORK 


RTERIOVENOUS fistulas may be con- 
genital or acquired. Congenital ar- 
teriovenous fistulas are due to the lack of 
differentiation of the common primary 
embryologic anlage into arteries and veins.* 
Acquired arteriovenous fistulas are found 
most frequently following penetrating in- 
juries from gunshot wounds and stabbings. 
They have also been reported following 
angiography, surgery,!??:3 automobile ac- 
cidents? and spontaneous rupture of aneu- 
rysm.! 

Although traumatic arteriovenous com- 
munications in the extremities are encoun- 
tered with some frequency ,??:*?.* central 
fistulas involving the large vessels of the 
trunk are rare. Injuries involving trauma 
severe enough to puncture the aorta fre- 
quently preclude survival. Eighty per cent 
of patients with aortic rupture due to 
automobile accidents die from the initial 
trauma. Previously described central ar- 
terlovenous fistulas have usually involved 
the abdominal aorta with communication 
to the inferior vena cava.* Survival of these 
individuals was the result of retroperi- 
toneal hematoma formation with eventual 
tamponade of bleeding. Fistulous com- 
munication between the aorta and inferior 
vena cava in these cases may be direct, or 
via an intervening false aneurysm in which 
case the entity is referred to as a “‘varicose 
aneurysm." [n addition to ordinary 
trauma, aortocaval arteriovenous fistulas 
have been seen following intervertebral 
disk surgery!?^? and after the spontaneous 
perforation of abdominal aortic aneurysm.! 

A review of 181 arteriovenous fistulas 
seen at the Mayo Clinic? over a 10 year 
period shows 7 aorta-inferior vena caval 


fistulas and none involving the thoracic 
aorta. To our knowledge, a false aneurysm 
of the thoracic aorta with azygos system 
fistulization has not yet been previously 
reported. 


REPORT OF A CASE 


A 4: vear old Puerto Rican man was ad- 
mitted tc the St. Luke's Hospital Center follow- 
ing multiple gunshot wounds. Blood pressure 
was 80 ‘60 mm. Hg with a pulse rate of 124 per 
minute. Entry wounds were noted in the neck, 
both arms and right chest. There were de- 
creasec breath sounds at the right lung base. 
The remainder of the physical examination was 
within normal limits. 

Chest roentgenograms showed a right hemo- 
thorax and a bullet in the T 10 vertebral body. 
Right -horacentesis revealed bright red blood. 
An int-avenous aortography was carried out to 
determine the integrity of the great vessels 
(Fig. 1, 4 and B). During the arterial phase, 
(Fig. :.7) the descending thoracic aorta ap- 
peared intact. However, a roentgenogram ob- 
tained late in the series (Fig. 18) showed a 
rounded collection of contrast material (arrows) 
overlying the 8th through roth thoracic verte- 
brae. This density was not present on the pre- 
liminary roentgenogram and was interpreted as 
extravasated contrast material into the medi- 
astinum. 

Because of his stable clinical picture, immedi- 
ate operative intervention was not carried out. 
A right tube thoracotomy was performed pro- 
ductive of minimal drainage. The patient im- 
provec and made an uneventful recovery with 
the exception of a residual functional deficit in 
the lef- hand due to brachial plexus injury from 
one of the bullet wounds. 

Ten months following his initial discharge, 
the patient presented in the emergency room 
with lef- lower chest and back pain. Physical 
examination revealed a loud bruit audible over 


* From the Departments of Radiology, St. Luke's Hospital Center, and Celumbia College of Physicians and Surgeons, New York, 


New York. 
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Fic. 1. (4) Intravenous angiocardiogram after bullet wound demonstrates the apparent integrity of the 
thoracic aorta during the arterial phase. Note the fluid in the right hemithorax and a bullet in the plane 
of the roth thoracic vertebra. (B) A delayed roentgenogram shows a rounded collection of contrast ma- 
terial (arrows) overlying the eighth througa tenth thoracic vertebrae representing extravasation into the 


mediastinum. 


the entire back, but maximal over the lett lower 
thorax. There was a left wrist drop. Tae re- 
mainder of the physical examination was un- 
remarkable. The patient was admitted for 
further evaluation. 

A retrograde thoracic aortography was per- 
formed via the femoral route. Fluoroscop:cally, 
there was extensive pulsation of the ca-heter 
tip as it reached the T 10 level within the aorta. 
Thoracic aortography (Fig. 24) demonstrated 
a large collection of contrast material to the left 
of the aorta at the T 10 level during the arterial 
phase. A lateral aortogram (Fig. 2B) showed 
this collection to be located posteriorly. The 
appearance was compatible with a false aneu- 
rysm of the aorta. Additionally, filling cf the 
azygos venous system was seen during the ar- 
terial phase with an apparent venous communi- 
cation with the aortic false aneurysm at the T 
16 level. Subtraction manipulation of the roent- 
genogram (Fig. 2C) showed the filled azygos 
system to better advantage in the frontal aorto- 
gram. A roentgenogram from the late ar-erial 
phase of the lateral aortogram (Fig. 2D) showed 
the filled azygos vein coursing anteriory to 
empty into the superior vena cava. 

Operative and Pathologic Findings. The pa- 
tient was taken to the operating room and a left 
thoracotomy was performed. A 4 cm. false 
aneurysm of the thoracic aorta was found with 
a +cm. diameter communication with the aorta. 


A large venous connection to the false aneu- 
rysm was identified, as well as multiple dilated 
venous channels in the region. Under partial 
bypass, after ligation of venous connections, the 
false aneurysm was excised along with a seg- 
ment of the adjacent aorta and a tubular teflon 
graft placed end to end to the proximal and 
distal aortic stumps. 

The pathologic specimen showed minimal 
atheromatous changes on the aortic side (Fig. 
34), as well as the communication (probe) into 
the false aneurysm. Figure 3B shows a similar 
view of the communication into the aorta from 
the opened aspect of the false aneurysm. The 
venous cannections had been taken down at 
surgery. 


DISCUSSION 


In add tion to being a very rare clinical 
entity, the present case is of interest in 
that it provides an opportunity, via sequen- 
tial angicgrams, to study the natural his- 
tory of the formation of a false aneurysm. 
The angiocardiograms (Fig. 1, 4 and B) 
obtained immediately after trauma, dem- 
onstrate extravasation of contrast material 
into a mediastinal hematoma. Because 
surgical intervention was not carried out, 
this hemztoma, adjacent to an apparent 
aortic tear, went on to false aneurysm for- 
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Fic. 2. (4) Retrograde thoracic aortogram 10 months after trauma shows a false aneurysm to the left of the 
aorta, as well as opacification of the azygos venous system ar 1 its tributaries during the arterial phase of 
the study. (B) Lateral aortogram demonstrates the false aneurysm to be located posteriorly (arrow). 
(C) Subtraction demonstrates the opacification of the azygos vein and its tributaries to better advantage. 
(D) Later roentgenogram in the lateral projection shows the azygos vein coursing anteriorly to empty into 
the superior vena cava, while the aorta still contains contrast material. 
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Fic. 3. (4) A view of the resected aortic segment shows the communication (probe) into the false aneurysm. 
Note an intercostal orifice above and to the left of the probe. (B) A photograph of the cut section opened 
surface of the false aneurysm shows its communication to the aorta (probe). The venous connections had 


been severed at surgery. 


mation with venous communications dem- 
onstrated in the aortogram obtained after 
the patient developed left chest pain (Fig. 
2, A and 5). 

It cannot be directly ascertainec from 
the angiograms at what stage the venous 
communication occurred. It is most likely 
that the initial trauma caused venous as 
well as arterial damage and that the arterial 
leak, causing a pulsating hematomz, went 
on to endothelize as a false aneurysm join- 
ing the arterial and venous injuries. Al- 
though no early venous filling of the azygos 
system was demonstrated on the initial 
angiocardiogram, this may have been due 
to the small blood flow across the com- 
munication at that time. Alternatively, 
the false aneurysm could have sponta- 
neously ruptured into the azygos system 
after a considerable period of time. 

Calcification, commonly seen in varicose 
aneurysms,’ was not seen in our case, 
clearly because the tremendous flow and 
physiologic disturbances caused by the 
lesion led to its discovery before it had 
been present for a year. It is interesting to 
note that despite the large flow across the 


central fistula, this patient never experi- 
enced symptoms of congestive failure and 
was not in failure at the time he was ad- 
mitted »ecause of chest pain. 


SUMMARY 


A traumatic false aneurysm of the tho- 
racic acrta with fistulous communication 
to the azygos venous system developed 
within 1 year of a gunshot wound. 

Immediately after injury, angiography 
had demonstrated a mediastinal hematoma 
without evidence of venous communica- 
tion. 


Nathaniel Finby, M.D. 
Department of Radiology 
St. Luke’s Hospital Center 
New York, New York 1002; 
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THE IMPORTANCE OF CORONARY ANGIOGRAPHY IN 
THE EVALUATION OF PATIENTS WITH AORTIC 
VALVULAR DISEASE* 


By THOMAS A. SOS, M.D., and HAROLE A. BALTAXE, M.D. 


NEW YORK, NEW YORK 


b condition of the coronary arteries 
in patients with aortic valvular dis- 
ease must be known both for the medical 
management, and in planning aortic valve 
surgery where these arteries must be can- 
nulated during cardiac bypass. 

There have been several reports in the 
medical literature about the possible pro- 
tective value of aortic stenosis (AS)? or 
aortic insufficlency (AI)? against coronary 
artery disease (CAD). 

This study will demonstrate the results 
of our clinical experience, and in light of it, 
we will plea that all patients scheduled for 
aortic valve replacement undergo coronary 
angiography, as part of their preoperative 
evaluation. 


MATERIAL AND METHOD 


Forty-two consecutive patients with 
AS and/or AI were examined at The New 
York Hospital. In each case, left heart 
catheterization followed by coronary an- 
giography and left ventriculography were 
performed using the Judkins transfemoral 
technique. 


CLASSIFICATION 


The status of each patient’s aortic valve 
was evaluated according to the following 
criteria: 


Aortic Stenosis (AS) 


1. Mild AS 
a. Aortic valve cross-sectional area larg- 
er than 1.5 cm.?, but smaller than 
normal; and/or, 


b. Peak systolic aortic valve gradient 
sir aller than 30 mm. Hg and normal 
mvocardial contractility, as indicated 
by the left ventricular end diastolic 
pressure (LVEDP).* 

2. Signidcant (moderate to severe) AS 

a. Aortic valve cross-sectional area 
sir aller than 1.5 cm.?; and/or, 

b. Peak systolic aortic valve gradient 
greater than 35 mm. Hg with normal 
or abnormal myocardial contractil- 
ity: OF, 

c. Peak systolic aortic valve gradient 
sir aller than 30 mm. Hg but abnormal 
myocardial contractility, as indi- 
cated by the LVEDPT1 (there were 


no patients found in this category). 


The role of myocardial contractility is im- 
portant, since failing hearts will generate 
less gradient across a stenotic valve than 
normal aearts. 


Aortic Iasuffictency (AI) 


1. Mild Al—small amount of regurgitation 
with complete clearing of contrast 
medium from the left ventricle during 
each 3ystole. 

2. Signiicant (moderate to severe) AI— 
large amount of regurgitation with in- 
complete clearing of contrast medium 
from the left ventricle during each 
systote. 


* Normal myocardial contractility—LVEDP 12 mm. Hg or 
less. 

T Abnormal myocardial contractility—LVEDP greater than 
12 mm. Hg. 


* Presented at the Seventy-fifth Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 24-27, 


1974. 
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Coronary Artery Disease (CAD). The degree 

of CAD was determined in each patient by 

coronary angiography. 

A. No CAD 

B. Mild CAD (stenoses less than 50 per 
cent) 

C. Significant CAD (stenoses greater than 
50 per cent or complete occlusion). 


Patients were then assigned into 6 groups 
according to the severity and type of aortic 
valve disease (AVD) and each group was 
subdivided according to the extent of CAD 
as follows: 


Group I. 


Group II. Significant AS— (with or without mil- AI)—B. 
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disease was assumed not to have influenced 
the development of coronary atherosclero- 
sis and their number is too small to serve 
as statistically significant controls. 

The cistribution of significant coronary 
atherosclerosis was not uniform as statisti- 
cally expected among the 37 patients with 
hemody aamically significant AVD. 

Fourtzen patients with significant AS 
(Group II) had a 64.3 per cent (9/14) inci- 
dence of significant CAD (p<.o1 using 
Chi-square analysis) (Fig. 1). Six patients 
with significant AI (Group IV) had a 33 per 


cent (2,6) incidence of significant CAD 


A. No CAD 
Mild AS—(without AI)—B. Mild C4D 
C. Significant CAD 


A. No CAD 
Mild CAD 
C. Significant CAD 


A. No CAD 


Group III. Mild AI—(without AS)—B. Mild CAD 


Group IV. Significant AI—(with or without mild AS)— B. 


C. Significant CAD 


A. No CAD 
Mild CAD 


C. Significant CAD 
A. No CAD 


Group V. Mild combined AS and AI—B. Mild CAD 


C. Sign àcant CAD 
À. No CAD 


Group VI. Significant combined AS and AI—B. Mild CAD 


RESULTS 


In our series of 42 patients studied for 
AVD, 17 (39.5 per cent) had significant 
CAD. Thirty-seven of the 42 (83.3 per 
cent) patients studied were shown to have 
hemodynamically significant AVD. Of 
these 37 patients, 13 (35.1 per cent) had 
significant CAD. Five patients without 
hemodynamically significant AVD were 
not further analyzed since their valvular 


Nc. Significant CAD 


(Fig. 21. Although these figures show a 


definite trend, the number of patients was 
not high enough for Chi-square analysis. 

Sever.teen patients with significant com- 
bined AS and AI (Group VI) had only an 
II.9 per cent (2/17) incidence of signifi- 
cant CAD (p «.or using Chi-square analy- 
sis) (Fig. 3). 

If the patients with significant AI 
(Group IV) and those with combined signif- 
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14 patients (120°, 29) mean age = 56.9 (+838) 
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Group II B. 
Mild CAD 


Severity of CAD 


Group II A 
No CAD 


Group II C 
Significant CAD 


Fic. 1. Group II. Patients with significant aortic 
stenosis (AS); 64.3 per cent (9/14) of patients 
with significant AS had significant coronary artery 
disease (CAD). 


icant AS and AI (Group VI) are added 
(for hemodynamic reasons discussed later), 
then only 17.4 per cent (4/23) of these pa- 
tients had significant CAD (p «.o5 and 
almost p «.or using Chi-square analysis) 
(Fig. 4). 

The mean age and sexual distribution of 
patients in all groups with significant 
AVD was similar: 


Significant AS (Group II) mean age 


6 patients (50,19) mean age= 55.3(t11.2) 


iO 
C No CAD 
Mild CAD 
8 EI Significant CAD 


Number of Patients 


l 
age = 





GroupIZA Group IZ B 
No CAD Mild CAD Significant CAD 
Severity of CAD 


Fic. 2. Group IV. Patients with significant aortic 
insufficiency (AI). Only 33.3 per cent (2/6) of 
patients with significant AI had significant coro- 
nary artery disease. 


Coronary Angiography 


795 


12 17 patients (159, 29) mean age: 602 (+7) 
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Fic. 3. Group VI. Patients with combined significant 
aortic stenosis (AS) and aortic insufficiency (AI). 
Significant AI in combination with AS also ap- 
pears to have a protective effect against significant 
corona-y artery disease. Only 11.9 per cent (2/17) 
of these patients had significant coronary artery 
disease. 
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Groups IVA Groups IVB Groups WC 
and VIA and VI B and VIC 
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Severity of CAD 


Fic. 4. Groups IV and VI. Patients with significant 
isolated aortic insufficiency (AI) and significant 
AI in combination with aortic stenosis (AS). 
Since significant AI alone or in combination with 
AS appeared to have a sparing effect on the coro- 
nary a-teries, these 2 groups were combined, and 
showec an only 17.4 per cent (4/23) incidence of 
significant coronary artery disease. 
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= 56.9 (48.8) years (14 patients— 12 
male and 2 female). 

Significant AI (Group IV) mean age= 55.3 
(+11.2) years (6 patients—5 male and 1 
female). 

Significant combined AS and AI (Group 
VI) mean age=60.2 (+7) years (17 pa- 
tients—1 5; male and 2 female). 

Significant AI (Group IV) and Significant 
combined AS and AI (Group VI) mean 
age = 58.9 (+8.3) years (23 patients—2o 
male and 3 female). 


Angina was present in patients with sig- 
nificant AVD both with and without sig- 
nificant CAD: significant AS (Group II) 6 
of 9 patients with, and 2 of 5 patients with- 
out significant CAD had angina; signifi- 
cant AI (Group IV) 2 of 2 patients with, 
and 2 of 4 patients without significant 
CAD had angina; significant combined AS 
and AI (Group VI) o of 2 patients with, 
and 4 of r5 patients without significant 
CAD had angina. 


DISCUSSION 


Although we attempted to rely on objec- 
tive data as much as possible, we recognize 
that a study of live patients presents many 
pitfalls. 

In reviewing the coronary angiograms, it 
is difficult to quantitate accurately the de- 
gree of stenosis. Each coronary artery was 
imaged in at least 2 different projections 
perpendicular to one another. In this fash- 
ion we tried to reconstruct the lesions in a 
cross-sectional manner which we feel is 
more hemodynamically relevant. Neverthe- 
less, under- or over-estimation of the areas 
of stenoses is possible, and certain lesions 
could be masked or missed.*? 

The severity of AS was also somewhat 
difficult to grade with accuracy and re- 
producibility. The calculated cross-sectional 
valve area (available in 14 patients) is 
artificially decreased in the presence of AI. 
The systolic gradient across the aortic valve 
is dependent not only upon the cross- 
sectional area of the valve, but also upon 
the cardiac output (7.e., myocardial con- 
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tractility). All patients with AS and an 
LVEEP of 12 mm. Hg or more generated a 
peak sys-olic gradient of at least 30 mm. 
Hg across their aortic valves (significant 
AS); therefore, myocardial contractility 
was nct -n important factor in the classifi- 
cation of our patients. 

The severity of AI is perhaps the most 
subjective of our data. The opacification of 
the lett ventricle depends in each patient 
not only on the diastolic open aortic valve 
cross-sectional area, but also on the posi- 
tion of t:e catheter,! the volume and pres- 
sure at which the contrast was injected, 
and on -he functional status of the left 
ventricle in clearing the regurgitant con- 
trast material. 

The lower frequency of significant CAD 
in patents with significant isolated AI or 
AI in combination with AS is statistically 
significant. The mean age (sth decade of 
life) and sexual distribution of patients was 
similar ia each group as shown above. At 
least 3 »athophysiologic explanations for 
this find ng appear to be readily possible. 

1. It is not true that AI has a protective 
effect on the coronary arteries, but rather 
that many patients with significant AI who 
have significant coexistent CAD, die at a 
younger age and were somehow excluded 
from aur patient population. In fact, Nakib 
et al.’ im an analysis of 100 consecutive 
autopsy hearts of patients with AVD found 
that 89 per cent (29/36) of patients with 
AI died in their 4th and 5th decades, and 
only 25 rer cent (7/36) survived into their 
6th ard 7th decades. On the other hand, 
only 42 per cent (27/64) patients with AS 
died im taeir 4th and sth decades, and 58 
per cent (37/64) survived into their 6th, 
7th, 8th and gth decades. The study of 
Nakib ei al." however, was only based on 
autopsy material (58 per cent of whom died 
following aortic ve've surgery), and thus 
does rot completely evaluate the natural 
histor” of AVD and the distribution of 
CAD in live patients with AVD. 

Our p-tient population, on whom coro- 
nary angiography was performed, includes 
many in their 3rd and 4th decades. 
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Since sudden death in AI is not frequent 
(as 1t is in advanced AS), we feel that pa- 
tients (young or old) with AI and coexis- 
tent symptoms of significant CAD would 
have been studied by coronary angiography 
and heart catheterization. Since they did 
not appear in our study, we assume that 
this was due to the very low incidence in 
the general population of this group of pa- 
tients, rather than to their elimination by 
death at a younger age. 

2. It is not true that AI protects against 
significant CAD, but rather that AS pre- 
disposes to significant CAD. To evaluate 
this hypothesis, it is necessary to assess the 
incidence of significant CAD in the general 
population in the sth decade of life. Un- 
fortunately, there are no studies available 
in live patients. White eż a/.° studied 100 
consecutive male autopsy hearts of pa- 
tients in their 5th decade (all causes of 
death including cardiac), and found an ap- 
proximately 70 per cent incidence of signifi- 
cant CAD. 

Thus, in our population with AS, the 
incidence of CAD (64.3 per cent) parallels 
that of the above control group (70 per 
cent), while patients with AI or AI m com- 
bination with AS have a lesser incidence of 
CAD (33 per cent and 11.9 per cent, respec- 
tively). 

3. Finally, we are left with the conclu- 
sion that AI isolated or in combinatiea with 
AS either protects against the formation of 
atherosclerotic plaques or somehow mini- 
mizes their effect. 

We have observed that in patients with 
significant AVD, adequate opacification of 
the coronary arteries (especially the left) 
is often difficult. This is due to the great 
dilution of contrast material by the fast 
flow of large volumes of blood rushing into 
dilated coronary arteries. The above was 
ebserved in patients with AI, AS, anc com- 
bined AS and AI, and is probably due to 
myocardial hypertrophy. The increased 
pulse pressure in AI may contribute an 
additional increase in flow rate during di- 
astolic coronary artery perfusion. This 
would be expected to produce an increase in 
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Fic. 5. Equally large intraluminal atheromata pro- 
duce diferent degrees of stenosis depending on the 
diameter of the pre-existent lumen. 


the cross-sectional area of the coronary ar- 
tery lumen. Thus, equally large eccentric 
plaques produce a significantly greater de- 
gree of hemodynamic obstruction in a nor- 
mal sized coronary artery than in one with 
a greate- cross-sectional area (Fig. 5). 

The diameter of 6 segments of the coro- 
nary artery tree was, therefore, measured 
and corrected for magnification from films 
and cine coronary angiography for all 32 
male pa-ients with significant AVD in our 
study, and for a control group of Io con- 
secutive males without AVD. 

The diameter of the main left, proximal 
and mid left anterior descending coronary 
arteries, in patients with isolated AI, or AI 
in combination with AS, and in patients 
with 1so ated AS was significantly greater 
(p«.oo5 to p<.o25) than in the control 
group (Fig. 6). The mid circumflex, mid 
main right and mid posterior descending 
coronary artery diameters were not statis- 
tically d. fferent (Fig. 7). 

Thus, as expected, both significant AI 
and significant AS produce enlargement of 
the corcnary arteries. Perhaps the addi- 
tional increase in diastolic flow in AI due to 
the increased pulse pressure and regurgi- 
tant flow somehow contribute to decreased 
formation of plaques in addition to the dila- 
tation o* the coronary arteries also found 
in AS. 

We feel that this phenomenon, which oc- 
curs in Doth isolated AI and in AI com- 
bined w th AS, might contribute to the 


Thomas A. Sos and Harold A. Baltaxe DECEMBER, 1974 


~I 
NO 
oo 


MAIN LEFT PROXIMAL LAD MID L AD 


o 


oL 


I 


n2 


— 





a, 
KIRKLAND 
Soest e Pert 
DX SOS 
D ^ teeta? 
Sole a Vale, 
XX SD 
LEE X s d 
e t e e Ma, 
Tee Paese 
X SI 
wate tees 
V/s 
LA OA d 


N AS AI AS-AI N 


Diameters of Coronary Artery Segments (mm) 
ol 





— P= P= 
>.025} > Ol] >.005 |> 025) > 025| > Ol 


Status of Aortic Valve 


Fic. 6. Aortic valve disease produces a significant increase in the diameter of the proximal branches of the 
left coronary artery. N = Normal; AS = Aortic Stenosis; AI = Aortic Insufficiency; LAD = Left Anterior 
Descending Coronary Artery. 


lesser incidence of significant CAD in these where AS could be assessed but coexistent 
patients. AI weuld have been missed. 

Previous reports of the protective value Our findings closely parallel those of 
of AS were based on autopsy material, Linhart e¢a/.5 These authors found that 100 
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patients evaluated for aortic valve surgery 
had a 48 per cent incidence of sign ficant 
CAD. Of these patients, 63 per cent with 
significant AS and only 30 per cent with 
significant AI had significant CAD. Linhart 
et al. offer no explanation, and although we 
also cannot satisfactorily and completely 
explain our results, we feel that they are 
significant, and that the pathophysology 
needs further investigation. 

During aortic valve surgery, the coro- 
nary arteries are often cannulated, but sat- 
isfactory myocardial perfusion canrot be 
obtained 1f severe CAD is present, aad, in- 
deed, plaques in the proximal vessel could 
be dislodged by the cannula. Furthermore, 
once the aortic valve is replaced, same pa- 
tients may not be able to be weanec from 
the pump due to ineffective cardiac func- 
tion.® These patients must have simulta- 
neous coronary artery bypass performed. 

The presence or absence of angina was 
not an accurate indicator of significant 
CAD present in patients with significant 
AVD. 

Therefore, although our data suggest 
that patients with AI may be relatively 
spared, the incidence of significant CAD in 
significant AVD (especially AS) is so high 
that all patients considered candidates for 
aortic valve replacement should have coro- 
nary angiography as part of their work-up. 


SUMMARY 


Forty-two patients with aortic valve dis- 
ease were evaluated by left heart catheteri- 
zation and coronary angiography. 

Patients with isolated AI or AI m com- 
bination with AS have a 17.4 per cent 
(4/23) incidence of significant CAD, which 
is significantly less than the 64.3 per cent 
(9/14) of patients with significant AS. We 
feel that these findings in AI may be due to 
a combination of increased diastolic flow 
and enlarged coronary arteries seccndary 
to cardiac hypertrophy. 
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Despite the apparent protective value 
of significant AI against the development 
of CAD, 40 per cent of our patients with 
AVD had significant CAD. We feel, there- 
fore, thet coronary angiography should be 
part of -he preoperative work-up of candi- 
dates for aortic valve surgery. 


Thomas Å. Sos, M.D. 

Department of Radiology 

The New York Hospital-Cornell 
University Medical Center 

525 East 58th Street 

New York, New York 10021 
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PERIRENAL HEMATOMA AS A COMPLICATION OF 
RENAL INFARCTION IN SICKLE-CELL TRAIT* 


A CASE REPORT 


By EDWARD A. SICKLES, M.D., and MELVYN KOROBKIN, M.D.t 


SAN FRANCISCO, CALIFORNIA 


SPONTANEOUS (nontraumatic) perl- 
renal hematoma can be a complication 
of a wide range of intrinsic abnormalities 
of the kidney, the most common of which 
is neoplasm." Less frequently it may be an 
extension of a juxtarenal hemorrhage or 
the result of a systemic (usually cardio- 
vascular) disorder that produces renal 
infarction and subsequent hemorrhage into 
the subcapsular and perirenal spaces. ?:!? 
Although several hundred cases of sponta- 
neous perirenal hematoma have been re- 
ported in the literature, accurate preopera- 
tive diagnosis is seldom made,!! account- 
ing for the high levels of morbidity and 
mortality for this condition. Recent re- 
ports delineating the typical nephrotomo- 
graphic and angiographic manifestations 
of perirenal hematoma should greatly facil- 
itate diagnostic evaluation? *!! 

The following case emphasizes the value 
of an aggressive roentgenographic ap- 
proach. It is also only the second reported 
case of perirenal hematoma due to renal 
infarction of sickle-cell trait.’ Several roent- 
genographic and pathologic features of 
both cases serve to distinguish this type of 
infarction from the other more common 
causes of perirenal hematoma. 


REPORT OF A CASE 


A 48 year old Black man with known sickle- 
cell trait (hemoglobin AS) was hospitalized for 
severe pain in the left flank which was non- 
radiating and steady since its spontaneous and 
sudden onset 14 hours before admission. There 
was no history of cardiac dysfunction, hyper- 
tension, or renal disease; but blood pressure on 
admission was 160/115 mm. Hg. Physical ex- 
amination was unremarkable except for left 








Fic. 1. Excretory urogram showing decreased excre- 
tion of contrast material by the left kidney with 
marked diminution of caliber of the ureter (arrows) 
and intrarenal collecting system. There is blurring 
of the margin of the left psoas muscle and exten- 
sive pancreatic calcification. 


flank tenderness. Initial hematocrit was 39 per 
cent and on urinalysis there were Io to 15 red 
blood celis per high-power field. A plain film 
roentgenogram of the abdomen showed exten- 
sive pancreatic calcification, aseptic necrosis of 
the left femoral head, enlargement and blurring 
of the left renal margin, and absence of the left 
psoas margin. Excretory urography demon- 
strated poor concentration of contrast material 
in the left kidney and a normal-sized nephro- 
gram with a disproportionately small caliber 
intrarena. collecting system and proximal 
ureter (Fig. 1). Renal arteriography (Fig. 2, 
A and B) performed the same day showed a 
hypovascalar mass in the superolateral cortex 
of the lef- kidney with a subcapsular mass im- 
pressing the lateral renal margin. No tumor 
vascularity was identified. Nephrotomograms 
confirmec the presence of the nonopacified 
Intrarena. mass and also demonstrated out- 
ward displacement of Gerota's capsule, indicat- 
ing a perirenal mass (Fig. 3). Flank pain and 
hypertension persisted, the hematocrit steadily 


* From the Department of Radiology, University of California School of Medi-ine, San Francisco, California. 


T James Picker Foundation Scholar in Radiological Research. 


800 


VoL. 


122, No. 4 





Renal Infa-ction in Sickle-Cell Trait 


—-— i= 


901 





Fic. 2. (4) Arterial phase of selective left renal arteriography in left posterior oblique projection, showing 


capsular arteries (arrows) extending 2 cm. beyond the opacified renal margin. (B) Nephrographic phase 
more clearly showing the opacified renal eutline in the same ocation as the displaced capsular vessels, 
indicating a subcapsular mass. A subadjacent irregular defect in the renal parenchyma is also seen. 


dropped to 30 per cent, and a mass in the left 
flank became palpable. 

The diagnosis of perirenal hematoma was 
made, with the cause presumed to be spentane- 
ous bleeding from within the left rena! lesion 
and subsequent dissection into the subcapsular 
and perirenal spaces. It was believed that the 
intrarenal mass was most likely a neoplasm, but 
because of the history of sickle-cell trzit and 
documented femoral head infarction, rer al cor- 





Fic. 3. Nephrotomogram showing the parerchymal 
defect to be rounded (closed arrows). Medial dis- 
placement and bulging of Gerota's capsule (open 
arrows) by a nonopacifying perirenal mass is also 
demonstrated. 





tical infzrction was also considered. At lapa- 
rotomy, a large perirenal hematoma within 
Gerota's capsule was identified. There was no 
indication of abdominal or retroperitoneal tu- 
mor. Because of uncontrolled bleeding once the 
renal capsule was entered, nephrectomy was 
performed. Pathologic examination showed the 
intrarenél lesion to consist primarily of hemor- 
rhagic necrotic tissue. Surrounding areas of 
kidney parenchyma showed microscopic foci of 
ischemic necrosis. Careful study of the renal 
arterial tree failed to reveal any evidence of 
thrombus or embolus. No tumor was found. 
We believe that sickling caused the renal corti- 
cal infarction, which then bled into kidney 
parenchyma, capsule, and Gerota’s capsule. 

The patient’s recovery was uneventful. The 
hypertension disappeared immediately follow- 
ing neph-ectomy. At the time of discharge from 
the hosprtal, the patient had a blood pressure of 
130/80 mm. Hg. 


DISCUSSION 


The diagnosis of spontaneous perirenal 
hematoma can seldom be made on clinical 
grounds alone since the presenting signs 
and symptoms are nonspecific and often 
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misinterpreted as indicating an intraperi- 
toneal process.!? Accurate preoperative 
diagnosis is especially difficult in the cases 
(25 per cent) that demonstrate few if any 
of the characteristic clinical features. ®?! 
In contrast, the roentgenographic mani- 
festations of perirenal hematoma are easily 
demonstrated and more specific, making 
complete roentgenographic evaluation es- 
sential to the diagnostic work-up. The 
supine abdominal roentgenogram usually 
shows enlargement and indistinctness of 
the renal outline and absence of the psoas 
muscle shadow.^? Other, less common, 
plain film roentgen findings are antalgic 
scoliosis and elevation of the ipsilateral 
hemidiaphragm.’ Excretory urography 
usually results in nonvisualization of the 
affected kidney.? If function does occur it is 
almost always delayed and of less magni- 
tude than for the uninvolved side.? Despite 
the enlarged renal outline on plain film 
roentgenograms, the nephrographic den- 
sity is of normal size. The kidney is fre- 
quently displaced or rotated (in any direc- 
tion, depending on the location of the 
major component of the hematoma).? The 
pelvicalyceal system is often elongated 
and decreased in caliber, and the proximal 
ureter may be displaced, narrowed, or ob- 
structed by the perirenal mass.??! Neph- 
rotomograms, useful only if the affected 
kidney concentrates the contrast material, 
may more clearly show compression of 
opacified parenchyma? or, as in our case, 
demonstrate outward displacement and 
bulging of Gerota's capsule by a nonopaci- 
fying mass. Arteriography is particularly 
helpful because it accurately defines the 
margins of the renal parenchyma and the 
capsular vessels. Demonstration of a non- 
opacifying mass separating capsular ves- 
sels from the margin of the parenchyma 
indicates a subcapsular lesion; a peri- 
renal mass (extracapsular but within 
Gerota’s capsule) is manifested by inward 
displacement of both the capsular vessels 
and the opacified renal parenchyma from 
the renal outline as seen on the plain film 
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roentgerogram. 

Noatraumatic perirenal hematoma is 
knowa to complicate a variety of condi- 
tions, including renal malignancy, nephri- 
tis, hydronephrosis, renal artery or aortic 
aneurysm, periarteritis nodosa, and renal 
infarction? Renal infarction most often 
occurs in patients with underlying cardiac 
lesions, Darticularly chronic atrial fibrilla- 
tion ‘from rheumatic or atherosclerotic 
heart cisease), left ventricular mural 
thrombosis (following myocardial infarc- 
tion), amd bacterial endocarditis. The basic 
cardiec defect leads to formation of a 
throm bus in the left side of the heart, with 
subsequent systemic embolization and in- 
farction of the kidney. This type of infarc- 
tion s, therefore, the result of sudden 
arterial occlusion. On the other hand, renal 
infarction in association with sickle-cell 
trait (or polycythemia) occurs without 
frank vascular occlusion. The patency of 
the renal arterial tree has been demon- 
strated in previously reported cases?'®* as 
well s in ours, and serves to differentiate 
infarction caused by capillary blood sludg- 
ing from. the more common embolic type. 
Embclic renal infarctions are usually not 
hemorrhagic,! whereas those resulting from 
sludgng are more likely to bleed, probably 
because of accompanying vascular con- 
gesticn. This may account for the rare 
occurrence of perirenal hematoma follow- 
ing embolic renal infarction compared to 
its relatively more frequent association 
with noaembolic infarctions. 

A pa-ient demonstrating the classical 
clinical features of perirenal hematoma 
should undergo complete roentgenographic 
evaluation in an attempt to document and 
delineate the lesion, unless rapid internal 
hemo-rhage necessitates emergency surgi- 
cal treatment. In a patient with few if any 
of the typical signs or symptoms, the possi- 
bility of a perirenal hematoma may be sug- 
gested only by abnormal findings on plain 
abdomiral roentgenograms or on an ex- 
cretory urogram. In this case, further 
evaluation using arteriography (and per- 
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haps nephrotomography) is imperztive to 
confirm or rule out the diagnosis. Arteriog- 
raphy will also help to exclude many 
underlying causes of perirenal hematoma; 
it may, of course, indicate a specific cause. 
If characteristic roentgenographic features’ 
suggest renal infarction, careful examina- 
tion for underlying cardiac disease should 
be undertaken. Demonstration of cardiac 
disease would favor diagnosis of embolic 
infarction. On the other hand, a history of 
known sickle-cell trait, or simply a Black 
patient (especially one with a bone infarc- 
tion or other manifestations of sicde-cell 
trait), should alert the radiologist to the 
possible presence of nonembolic infarction. 

Tumor is a prime diagnostic considera- 
tion in patients with spontaneous perirenal 
hematoma, and surgical exploraticr and 
subsequent nephrectomy are often per- 
formed." Awareness of the association of 
perirenal hematoma with sickle-cell trait 
may allow for its preoperative diagnosis: 
unnecessary nephrectomy may, therefore, 
be avoided. In sickle-cell trait, as in all 
systemic diseases, nephrectomy does not 
remove the underlying defect; with only 
one remaining kidney the patient would be 
much more vulnerable to other serious and 
more common renal complications of sickle- 
cell trait. 


SUMMARY 


Accurate preoperative diagnosis of spon- 
taneous perirenal hematoma is ofter diff- 
cult, especially if the clinical presentation 
Is atypical. 

Roentgenographic evaluation will dem- 
onstrate an enlarged, poorly functiening, 
or nonfunctioning kidney that mav be 
compressed or displaced by a nonopacify- 
ing mass. Nephrotomography can often 
aid in locating the mass in the perinephric 
space, but usually renal arteriography is 
the definitive diagnostic procedure. 

Our case of perirenal hematoma due to 
renal infarction illustrates the features 
which distinguish the infarction secondary 
to sickle-cell trait from the much more 
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commor embolic type.* 


Melvyn Forobkin, M.D. 

Department of Radiology, M-380 
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* A recent peper in this Journal (Meyers, M. A., Whalen, J. P., 
and Evans, J. A. Diagnosis of perirenal and subcapsular masses: 
anatomic-radio-ogic correlation, 1974, 727, 523-538) disputes the 
validity of disp acement of capsular arteries as an aid in differen- 
tiating perirenz] from subcapsular masses; our case cannot help 
to resolve this juestion since both subcapsular and perirenal he- 
matomas were present. 
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ERRORS IN RENAL VEIN RENIN COLLECTIONS* 


By STUART B. PASTER, M.D.,f DOUGLASS F. ADAMS, M.D., 
and HERBERT L. ABRAMS, M.D. 


BOSTON, MASSACHUSETTS 


"IP measurement of plasma renin 
activity in the renal veins and inferior 
vena cava is a safe aid in the diagnosis of 
renovascular hypertension, but reliable 
results require strict attention to diet, pos- 
ture, and technique of collection.^? When 
the ratio of renal vein renin level on the 
abnormal side compared to the normal 
side is I.4 or greater, an 85 per cent ac- 
curacy can be obtained in predicting a 
successful outcome to surgery for unilat- 
eral renal artery stenosis. ?.** 

In the following 2 patients the impor- 
tance of a precise location of the collecting 
venous catheter in the proper draining vein 
was demonstrated. 


REPORT OF CASES 
Case r. J.J. (17-16-35), a 33 year old white 


female, was admitted for determination of renal 
vein renins after a 3 year history of hyperten- 
sion. The onset of systemic hypertension had 
followed surgery on the right kidney to alleviate 
hydronephrosis associated with an accessory 
lower pole artery. A work-up at another hospi- 
tal just prior to this admission included angio- 
graphy that showed a surgically amputated 
accessory right lower pole renal artery and an 
area of infarction. 

The patient was placed on a 10 mEq. sodium 
diet for 3 days, and selective renin determina- 
tions were performed. The results were (Fig. 
1): main left renal vein 3,600 ng. per cent; 
main right renal vein 3,636 ng. per cent; and 
lower segment of right renal vein 4,916 ng. per 
cent. Because her hypertension was controlled 
and she would not accept surgery, she will be 
followed medically and re-evaluated in 6 months. 


Case 11. B.S. (16-62-16), a 59 year old white 
male, was admitted for evaluation of hyperten- 
sion which began after an episode of systemic 
embolization associated with atrial fibril- 
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Fic. 1. Cese 1. Diagram of right kidney. Sampling at 
Site 1 ‘main renal vein) resulted in lower renin 
values (3,636 ng. per cent) than at Site 2 (lower 
pole segmental vein; 4,916 ng. per cent). This was 
due to dilution from the middle and upper pole 
veins at Site 1. IVC — inferior vena cava; RRV = 
right renal vein. 


lation. Aortography revealed embolic occlusion 
of the le‘t renal artery and an absence of func- 
tion in that kidney. Selective renin determina- 
tions were: main left renal vein 2,581 ng. per 
cent; and main right renal vein 2,034 ng. per 
cent. Because these values were considered to 
be possible errors in sampling, repeat determi- 
nations were done 3 days later (Fig. 2). They 
were: left renal vein (distal to adrenal and 
gonadal veins) 14,815 ng. per cent; left renal 
vein (proximal to adrenal and gonadal veins) 
3138 ng. per cent; and right renal vein 6,571 
ng. per cent. 

The ratient underwent left nephrectomy be- 
cause of embolic occlusion of the left renal 
artery. A 6 month checkup at his family 


* From the Department of Radiology at Harvard Medical School and the Peter Bent Brigham Hospital, Boston, Massachusetts. 
This work was supported in part by USPHS grants HLos832 and HL11668. 
t Present Address: Assistant Professor of Radiology, University of New Mezico, Albuquerque, New Mexico. 
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Fic. 2. Case rr. Diagram of left kidney. Sampling at 
Site 1 (proximal renal vein) yielded lower renin 
values (2,381 ng. per cent) than at Site 2 (distal 
renal vein; 14,815 ng. per cent). This was cue to 
dilution from the gonadal vein at Site 1. [VC =in- 
ferior vena cava; LRV=left renal vein; GV= 
gonadal vein. 


physician’s office revealed normal blood pres- 
sures. 


DISCUSSION 


Plasma renin assay has now become an 
easy, safe, and reliable test in the diagnos- 
tic armamentarium for renovascular hyper- 
tension. Although usually dependzble, 
misleading values may result from an un- 
controlled diet or posture,? the administra- 
tion of antihypertensive medications, an 
inappropriate sampling technique, or an 
improperly chosen site. Although some 
authors suggest the use of 2 catheters, we 
use a single catheter with one side hole and 
an end hole. When subselective sampling is 
necessary, a coaxial catheter system cr a 
controllable-tip guidewire may be helpful. 
Catheter tip location is tested with 60 per 
cent Renografin under fluoroscopy and 
alse recorded on videotape. After flushing 
the catheter with 2-3 ml. of saline, an 
equal amount of blood is withdrawn end 
discarded. A second clean syringe is then 
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used to aspirate the sample slowly. If 
aspiraticn is too vigorous, blood will be 
drawn from side branches or from the in- 
ferior vena cava, retrograde through the 
renal vem, and into the catheter tip. 

The 2 cases discussed here illustrate the 
need for a thorough understanding of each 
patient’s particular anatomic problem. In 
Case 1, the first sample (Fig. 1) was ob- 
tained from the main right renal vein. 
Because che area of infarction in the lower 
pole was localized and small in relation to 
the remainder of the kidney, dilution 
occurred in the main renal vein or the 
sample was collected from the portion of 
the main renal vein “stream” which was 
derived f-om the middle and upper poles. 
Subsequently subselective catheterization 
of the right lower pole segmental branch 
revealed renins which were higher than the 
main vein values in this patient. Analo- 
gously, wien a localized site of renovascu- 
lar stenos s or occlusion is present, samples 
must be obtained from any accessory renal 
veins. 

In Case 11, the first set of renin determi- 
nations was slightly elevated without a 
localizing site of abnormality. It was then 
suspected that wash-out from a large left 
spermatic vein or other side branches had 
caused dilution. Repeat sampling distal to 
the adrenzl and spermatic veins yielded a 
markedly elevated sample (Fig. 2). This 
case illustrates the need to identify the 
gonadal vein when catheterizing the left 
renal vein and the need to aspirate the 
blood sample slowly, especially when renal 
blood fiow on that side is reduced. 


SUMMARY 


Two patients in whom renal vein renin 
determinations were made illustrate 2 of 
the 3 errors of sampling which may give 
false-negative results: (1) failure to collect 
samples frcm the appropriate tributary or 
accessory vessel involved in the disease; 
(2) failure to be selective in the renal vein 
beyond tributaries from nonrenal sources 
(e.g., the adrenal vein or the gonadal vein); 
and (3) failure to withdraw the renal vein 
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samples slowly (especially in cases of 
reduced renal blood flow). 

Because the presence of positive selec- 
tive renal vein renins can predict a success- 
ful surgical outcome in 85 per cent of the 
cases of renovascular hypertension, it is 
essential to collect the venous samples 
accurately when attempting to distinguish 
between surgically curable and noncurable 
forms of hypertension. The described tech- 
niques are safe, reliable and easy. The im- 
portance of anatomic variations and pre- 
cise sampling sites is stressed. 


Douglass F. Adams, M.D. 
Department of Radiology 
Harvard Medical School 

25 Shattuck Street 

Boston, Massachusetts 02115 


REFERENCES 


I. AMSTERDAM, E., Coucn, N., CunisrLIEB, R., 
Harrison, J. H., and Crane, C. Renal vein 


DECEMBER, 1974 


remin activity in prognosis of surgery for neo- 
vascular hypertension. 4m. J. Med., 1969, 47, 
860-868. 


. Ass¥KzEN, T. A., CASTELLINO, R. A., Love, T. B., 


ard SraMEY, T. A. Peripheral and renal vein 
reain activity: effects of postural stimulation 
in mormotensive adults. 4.M.4. Arch. Int. 
Mea., 1971, 128, 378-379. 


. BounconciNiE, J., Kurz, S., Catanzaro, F., 


SrkinAT, P. and Perry, H. M. Renal venous 
renin in hypertension. 4m. J. Med., 1970, 46, 
352-342. 


. Ernst, C. B., BooksrziN, J. J., Montie, J., 


BauMGARTEL, E., Hoosier, S. W., and Fry, 
W. J. Renal vein renin ratios and collateral 
vessels in renovascular hypertension. 4.M.A. 
Arch. Surg., 1972, 104, 496-502. 


. Pawsey, C. G. K., VanponcEN, R., and GORDON, 


F. D. Renal venous renin rates in diagnoses of 
renovascular hypertension: measurement dur- 
ing active secretion of renin. M. 7. Australia, 
I97 I, 7, 121-126. 


. Srccxzcr, J. R., Noakes, C. A., CoLuins, R. D., 


ScHAMBELAN, M., and Bıcuien, E. G. Renal 
vein renin in various forms of renal hyperten- 
sion. Lancet, 1972, 7, 1194-1197. 





Vor. 122, No. 4 


LOCALIZED PULMONARY EDEMA FOLLOWING 
SURGICALLY CREATED LEFT-TO- 
RIGHT SHUNTS* 

By R. WESLEY MUTCHI ER, Jr., M.D., JUDITH S. ROSE, M.D., 
ANTONIO A. GARZON, M.D., ROBERT EHRLICH, M.D., 
and DAWID C. LEVIN, M.D. 


BRCOKLYN, NEW YORK 


URGICAL creation of left-to--ight 

shunts has become an importan- in- 
terim measure in many patients with cya- 
netic heart disease. The first of these pro- 
cedures was the subclavian-pulmonary ar- 
tery anastomosis, introduced by Blalock 
in 1945? as a method of treatment for pa- 
tients with tetralogy of Fallot. Shcrtly 
afterward, the Potts anastomosis “de- 
scending aorta to left main pulmonary ar- 
tery) became available. More recently, in 
1962, Waterston constructed an anastomo- 
sis of the ascending aorta to the right pul- 
monary artery, a procedure which has cer- 
tain technical advantages in those »a- 
tients for whom definitive surgery is 
planned.? 

One of the possible complications follcw- 
ing shunt procedures is the development 
of unilateral pulmonary edema.’ This com- 
plication was initially described by Albers 
and Nadas in 1967.! Subsequently, their 
clinical and roentgenographic findings were 
reproduced in experimental animals by 
Oldham and associates, who verified the 
existence of preferential flow from the 
ascending aorta to the right pulmonary 
artery. 

The purpose of this paper is to discuss 
the roentgenographic aspects of postoperz- 
tive unilateral pulmonary edema, as wel 
as to describe an even more localized form 
of congestive change. 


CLINICAL MATERIAL 


During the past 7 years, Io patient: 
at the Downstate Medical Center have 
developed unilateral pulmonary edema fol- 


lowing surgical construction of left-to-right 
shunts. 

Figure 147 illustrates the roentgen find- 
ings in a 4 month old female (L.J.) with 
a severe tetralogy of Fallot who developed 
right pulmonary infiltration 4 hours post- 
operativelv. Although this infiltrative pat- 
tern could have reflected pulmonary hemor- 
rhage as well as edema, the clinical findings 
indicated that the patient was in congestive 
heart failure. Her Waterston shunt was 
revised approximately 18 hours following 
the initial procedure and the congestive 
changes slowly resolved over a 2 week 
period (Fig. 1). 

Unilateral pulmonary edema of this sort 
is not limited to the Waterston shunt pro- 
cedure. Figure 2, Æ and P, illustrates the 
findings in a 6 month old female with dex- 
trocardia, common atrium, and pulmonary 
artery stencsis. Within 24 hours following 
an anastomcsis of the left pulmonary artery 
to the desceading aorta (Potts procedure), 
she developed roentgen evidence of severe 
left pulmonary infiltration. Following re- 
duction in the size of the shunt from 5 mm. 
to 3 mm., her congestive changes resolved 
over a I week period. In the 2 cases de- 
scribed above, pleural effusion was not a 
major compcnent of the roentgenographic 
picture, although this has been present in 
previously reported cases.! 

Congestive changes generally appear on 
the side of the anastomotic site, but the 
anatomy of the lesions may sometimes 
produce exceptions to this rule. D.P., an 
8 week old female with an angiographic 
diagnosis of single ventricle, pulmonic 
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Fic. 1. (4) The initial pre-revision roentgenogram demonstzates patchy alveolar infiltration throughout the 
right lung field several hours after a Waterston shunt. (E) This second roentgenogram, obtained 12 days 
following revision of the Waterston shunt, shows consicerable resolution of the parenchymal infiltrate, 
while some prominence of the right pulmonary arterial tree -emains. 


valve stenosis, and multiple left peripheral 
pulmonary artery branch stenoses, had a 
left-sided Potts anastomosis. Within sever- 
al hours following the operation, the child 
began to show signs of congestive heart 
failure. The chest roentgenogram showed a 
right-sided infiltrate compatible with pul- 
monary edema (Fig. 3). Following two re- 
visions of the shunt, the infiltration re- 
solved quickly. Most likely, the multiple 
left-sided pulmonary artery branch stenoses 


resalted in a preferential blood flow to the 
rigat main pulmonary artery despite the 
anatomic position of the shunt. 

These 3 and 5 additional patients de- 
veloped unilateral pulmonary edema in- 
volving one entire lung, as have all the 
previously reported cases in the literature. 
Two of our patients, however, exhibited an 
even more localized form of pulmonary 
ecema following a Waterston shunt pro- 
cedure. This was characterized roentgeno- 





Fic. 2. (4) Dextrocardia is evident in this initial postoperative roentgenogram. There is a generalized left 
lung parenchymal infiltrate 1 day following a Potts aaas-omosis. (B) This roentgenogram, obtained 4 days 
following shunt revision, demonstrates significant inrprcvement. 
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graphically by lobar or segmental involve- 
ment with bulging of the adjacent inter- 
lobar fissures. This phenomenon is a valu- 
able sign allowing localized pulmonary 
edema to be differentiated from pneumo- 
nitis or atelectasis. Outward bowing of the 
fissures characteristically occurs only in 
severe necrotizing types of pneumonia. 
These can be ruled out by the absence of 
toxic symptoms. In atelectasis, the fissures 
would bow inward rather than outward. 
Figure 4, 4 and B, illustrates the findings 
in I of these patients. This 2} year old 
female (C.L.), previously diagnosed as 
having tetralogy of Fallot with severe 
infundibular and valvular pulmonic steno- 
sis, developed signs of congestive heart 
failure 3 hours after a Waterston shunt. 
A chest roentgenogram at this time showed 
a right upper lobe parenchymal infiltrate 
with caudal bulging of the minor fissure. 
The diagnosis of localized pulmonary 
edema was made and the shunt was re- 
vised several hours later, at which time the 
surgeons verified the edematous condition 
of the right upper lobe. There was rapid 
clinical improvement thereafter and a 
roentgenogram 2 days later showed almost 
complete resolution of the right upper lobe 
process. 

The changes described above were dra- 





Localized Pulmonary Edema 








Frc. 3. Diffuse alveolar infiltration is seen through- 
out the right lung, although the Potts procedure 
was done on the left. This patient had multiple 
peripheral stenoses of the left pulmonary artery, 
which presumably resulted in redirection of the 
shunt flow to the right. 


matic anc developed almost immediately 
following surgery. Diagnosis of isolated 
lobar edema can be more difficult when the 
roentgenographic findings are less obvious 
and occur somewhat later in the postopera- 
tive course. A 10 month old female (T.H.) 
with tetra ogy of Fallot developed a right 
upper lobe infiltrate with questionable dis- 
placement of the minor fissure 4 days 
following her Waterston shunt. Clinically 
she had sizns of congestive heart failure. 


The child was both digitalized and placed 





Fic. 4. (4) There is almost total opacification of the right upper lobe n this chest roentgenogram obtained 
5 hours after the initial Waterston procedure. The distinguishing characteristic in this roentgenographic 
pattern is the caudal bulging of the minor fissure, reflecting edematous expansion of the right upper lobe. 
(B) Two days following revision of the shunt, the infiltrate has almcst completely cleared. 
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on antibiotics. The right upper lobe in- 
filtrate resolved in 2 days. Three weeks 
later, the child developed fever without 
leukocytosis. Parenchymal infiltrate was 
again noted in the same area. Although 
slight downward displacement of the minor 
fissure was evident, the most obvious 
parenchymal expansion was in the pos- 
terior segment of the right upper lobe, re- 
flected by bulging of the major fissure as 
seen on the lateral roentgenogram (Fig. 
5, 4 and B). Digitalization was continued 
without antibiotic therapy and the infil- 
trate resolved in several days. The patient 
was discharged 1 week later, still on digi- 
talis. 


DISCUSSION 


The surgeon who performs Waterston or 
Potts procedures walks a tightrope be- 
tween inadequate and overgenerous shunts. 
Ferencz? suggested that the majority of 
deaths in the early postoperative period re- 
sulted from the sudden inflow of a large 
amount of blood under high pressure, while 
inadequate shunts accounted for a larger 
number of deaths among those individuals 
who survived this period. 
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It is quite difficult at the time of surgery 
to measure the effectiveness of the shunt:*!? 
a mere 2 mm. difference in the shunt 
diameter may spell the difference between 
inadequate flow and overcirculation. Our 
surgeons prefer to create a generous shunt 
and recperate if necessary.t They have 
experienced no increase in mortality with 
such a policy. 

Localized pulmonary edema following 
shunt procedures probably results from 
preferential flow of an increased volume of 
blood az high pressure to the side on which 
the anastomosis was performed. Somerville 
et al? maintain that this phenomenon is 
due to kinking at the anastomotic site, with 
upwarc displacement of the pulmonary 
artery. In addition, they describe one 
individual in whom preferential flow oc- 
curred not only to the right lung, but in 
particclar to the pulmonary arterial 
branches supplying the right upper lobe. 
An angiogram demonstrated rather severe 
kinkinz of the pulmonary artery at the 
anastomotic site. This provides a reason- 
able explanation for our more localized 
pulmonary edema. On the other hand, 
Waterston ef a? feel that even when the 
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Fic. 5. (4 and B) Parenchymal infiltrate, primarily in the posterior segment of the right upper lobe, is 
demonstrated in these roentgenograms obtained 3 weeks after a Waterston shunt. Note particularly the 
posterior displacement of the major fissure seen on the lateral roentgenogram. 
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shunt is positioned optimally, preferential 
flow occurs in a certain percentage of 
cases. 

In our experience, postoperative thoracic 
aortography generally demonstrates this 
preferential flow to the ipsilateral lung. 
Selective pulmonary angiography, on the 
other hand, shows preferential flow to the 
contralateral lung with little or no flow 
passing beyond the anastomosis in ante- 
grade fashion. This would seem to con- 
firm some degree of mechanical obstruc- 
tion in the pulmonary artery due to kinking 
in the region of the anastomotic site. How- 
ever, in most cases, withdrawal pressure 
tracings fail to reveal a gradient between 
the proximal and distal segments of the 
involved pulmonary artery. The exact 
cause of the preferential distribution of 
flow to one lung or lobe therefore remains 
unclear. 

In any event, the diagnosis of localized 
pulmonary edema should be strongly con- 
sidered whenever infiltration 1s roentgeno- 
graphically demonstrated in the ipsilateral 
lung or a portion thereof following surgical 
creation of left-to-right shunts. Fissure 
displacement reflecting lobar or segmental 
expansion has proven a reliable means of 
differentiating the more localized form of 
edema from pneumonitis or atelectasis. 
The lateral chest roentgenogram may be 
quite helpful (as illustrated in Figure 55) 
and should be obtained in doubtful cases. 


SUMMARY 


The roentgen appearance of localized 
postoperative pulmonary edema in pa- 
tients who have undergone palliative sys- 
temic-pulmonary shunt surgery is dis- 
cussed. 

Unilateral whole lung edema may occur, 
as well as previously undescribed conges- 
tive-changes isolated to the right upper lobe 
in post-Waterston shunt patients. 

The presence of a bulging fissure, in 
addition to parenchymal infiltrate, is 1m- 
portant in differentiation of the above from 
pneumonitis or atelectasis. The cause of 
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this is felt to be preferential distribution of 
flow, in most cases, from the shunt itself 
to the ipsilateral lung or one of its lobes or 
segments. 

Prompt recognition of this particular 
postoperative problem is essential for the 
successful management of these patients. 


Judith S. Fose, M.D. 
Department of Radiology 
State University Hospital 
Downstate Medical Center 
450 Clarkson Avenue 
Brooklyn, New York 11203 
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PRINZMETAL’S VARIANT ANGINA PECTORIS* 


By DAVID C. LEVIN, M.D., MICHAEL WOLK, M.D., and DONALD N. SUMMERS, M.D. 


NEW YORK, NEW YOR «s 


Aaa pectoris (AP) was originally 
described by Heberden over 2 cen- 
turies ago and since that time has become 
one of the most widely studied afflictions of 
mankind. The characteristic chest pain in 
AP is due to ischemia which occurs when 
myocardial oxygen consumption exceeds 
the capacity of diseased coronary arteries 
to deliver oxygen to myocardial cells.” Vir- 
tually anything which increases cardiac 
work can precipitate an ischemic attack, 
including physical activity, emotional up- 
set or excitement, cold weather, hyper- 
tensive or hyperthyroid crises and even in- 
gestion of a large meal. The typical electro- 
cardiographic (ECG) abnormalities in pa- 
tients with AP are displacement of the S-T 
segment, especially depression, and changes 
in T wave amplitude and polarity." 

In 1959, Prinzmetal et a/.° described an 
unusual or variant form of angina. Al- 
though characterized by the same type of 
chest pain, it differed strikingly from 
“classical” AP in its mode of onset and the 
accompanying ECG changes. The pain in 
Prinzmetal’s syndrome developed at rest or 
with light activity and was not at all asso- 
ciated with any of the precipitating factors 
listed above. ECG tracings obtained during 
attacks, instead of showing the familiar 
S-T segment depression, showed a transient 
S-T elevation which rapidly reverted to 
normal after the pain subsided. The authors 
postulated that the clinical manifestations 
of variant angina pectoris were produced 
by spasm of a single stenotic segment of a 
major coronary artery with resultant tem- 
porary occlusion of the vessel. Since the 
original description in 1959, approximately 
115 cases of Prinzmetal’s variant angina 
(PVA) have been reported? and many ad- 
ditional aspects of it have come to light. 
Although the entity has attracted much in- 


terest among cardiologists, it has not been 
previously discussed in the radiology litera- 
ture. This may be due in part to the fact 
that many of the reported cases, including 
Prinzmetal’s original group, have not had 
angiographic documentation of their dis- 
ease. 

The purpose of this paper is to describe 
the -linical, ECG, hemodynamic and ar- 
tericeraphic aspects of PVA, based upon 
the >reviously reported case material and 
our own experience with 11 patients. Par- 
ticular emphasis will be placed upon the 
arte-iczraphic findings and their role in the 
pat ophysiology of the syndrome. 


CLINICAL FEATURES 


The clinical hallmark of PVA is chest 
pair which is similar in nature and location 
to tha of classical AP, but which is not in- 
duced by physical activity or any of the 
other <nown provocative factors. It gener- 
ally commences at rest or during periods of 
light activity in individuals who in fact 
have normal or nearly normal exercise tol- 
erarce.!:!2.1415 The patients frequently re- 
port chat their pain has a remarkable ten- 
dercy to occur at the same time of each 24 
hoer period, especially during sleep or 
immediately after arising in the morn- 
ing. 2:14.15 The episodes may take the form 
of a series of cycles or waves of pain, 
each cycle lasting up to several minutes and 
recurring as many as 40 times during a 2 
hoar period. Attacks may occur daily for 
weeks or months, then remit spontaneously 
for extended intervals. 

All the features described above are 
atypical of AP, which instead tends to be 
precipitated by physical or emotional exer- 
tien, which does not generally exhibit a 
cyclic pattern and which does not show 
prolonged spontaneous remissions without 
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vigorous medical or surgical therapy or in- 
tarction of the affected myocardium. The 
major clinical similarities between PVA 
and typical AP are that both respond to the 
administration of nitrates and that neither 
is accompanied by elevation of serum 
enzymes. 

In most cases, PVA appears de ovo in 
patients with no prior manifestations of 
coronary artery disease. On occasion, how- 
ever, it will develop in individuals who have 
a history of the more common type of 
effort-induced AP or previous myocardial 
mfarction. 


ELECTROCARDIOGRAPHIC CHANGES 


The principal ECG manifestation of 
myocardial ischemia during an attack of 
AP is depression of the S-T segment.) By 
contrast, patients with PVA exhibit S-T 
segment elevation, a finding which often 
represents the earliest ECG evidence of 
evert myocardial infarction rather than 
mere Ischemia.19:7214.15 A single ECG taken 
during the height of an attack of PVA may 
thus be misinterpreted as showing the pres- 
ence of an infarct. This alteration, however, 
is only transitory and the S-T segments 
rapidly revert to their baseline position, 
when the pain ceases spontaneously or is 
relieved by nitroglycerin. Electrocardio- 
grams from 3 different patients with PVA 
are shown in Figures 1-3. The changes can 
generally be localized to the distribution of 
either the right or anterior descending 
eoronary arteries. Right coronary lesions 
produce S-T segment elevations in leads 
II, HII, and a VF, whereas left anterior 
descending artery lesions produce them in 
I, aVL and the precordial leads.?::2:14.:5 

Other abnormalities which may coincide 
with the pain include increase in amplitude 
of both R and T waves and occasional 
merging of the R wave, S-T segment and 
T wave into a broad complex suggesting a 
monophasic action potential)? Serious ar- 
thythmias also occur frequently, the most 
common of these being premature ventricu- 
lar contractions, varying degrees of atrio- 
ventricular block, ventricular tachycardia 
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Fic. 1. (4 Electrocardiogram (ECG) during an at- 
tack of chest pain in a 30 year old male with 
Prinzmetal’s angina. Note S-T segment elevation 
in leads I, II, aVL and, most strikingly, the pre- 
cordial leads. These changes suggest a lesion 
affecting blood supply of the anterior and antero- 
lateral aspects of the left ventricle. Coronary ar- 
teriography, shown in Figure 4, 4 and B, revealed 
severe stenosis of the left anterior descending ar- 
tery. (£) After termination of the attack, the 
previoudy noted marked S-T segment elevations 
are no lcnger present. T wave inversion in leads I, 
II, aVL and V2-6 is now present and is consistent 
with myocardial ischemia. 


and occasional ventricular fibrillation? 12.22 

Although the ECG abnormalities in PVA 
were originally observed during attacks of 
pain, recent reports have indicated un- 
equivocally that some of these patients 





























Fic. 2. (4) ECG in a 38 year old female with Prinz- 
metal’s angina. During an attack, S-T segments 


are elevated in leads V2 and V3, suggesting a lesion 
in the distribution of the left anterior descending 
artery. Stenosis of this vessel was confirmed at 
coronary arteriography, as shown in Figure 7. 
(B) Following the anginal episode, the S-T seg- 
ments have returned to a nearly isoelectric posi- 
tion. 


periodically develop transient S-T segment 
elevations at times when they are com- 
pletely asymptomatic.* "7 This phenom- 
enon was observed in 4 of our patients dur- 
ing extended monitoring in a Coronary 


Care Unit. 


HEMODYNAMIC ASPECTS 


As indicated earlier, ischemia occurs 
when the capacity of the coronary arteries 
to deliver oxygen is exceeded by myocar- 
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dial oxygen consumption. The latter is re- 
lated tc the magnitude of systolic wall 
stress, the interval of time during which the 
stress is exerted and the inotropic state of 
the heart. These complex factors are dif- 
ficult tc assess directly, but a reliable index 
of myocardial oxygen consumption can be 
simply obtained as the triple product of 
systolic pressure, heart rate and left ven- 
tricular ejection time. Previous studies 
have incicated that both effort-induced and 
spontar2ous, non-Prinzmetal attacks of 
AP are generally preceded by elevation of 
one or more of these 3 determinants, 
especially systolic pressure and heart 
rate. 16 -8,19 

By contrast, Guazzi et a/.!° showed that 
attacks of PVA are not preceded by her o- 
dynamic alterations which increase myo- 
cardial oxygen consumption. Instead, these 
alterations occurred simultaneously with 
the onset of the ECG changes. This fact re- 
inforces the theory that PVA results from a 
paroxysmal phenomenon such as spasm. 

In beth AP and PVA, left ventricular 
functio- is significantly impaired during 
the course of the attack itself.1?!5 One pa- 
tient ir our group underwent continuous 
intracardiac and intra-arterial pressure 
monitoring as an attack of PVA developed. 
As in the patients of Guazzi et al., hemo- 
dynamic abnormalities did not precede the 
attack. During the attack, the patient’s 
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Fic. 3. ECGs in a 56 year old female with severe stenosis of the midportion of a dominant right coronary 
artery, as show in Figure 8. The upper tracing shows S-T segment elevation in lead II during a typical 
episode of Prinzmetal’s angina. The lower tracing demonstrates return of the S-T segment to the baseline 
following administration of nitroglycerin and relief of pain. 
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systemic blood pressure rose from 13/80 
to 170/120 mm. Hg. Left ventricular end 
diastolic pressure rose from 12 to 42 mm. of 
mercury, indicating acute impairment of 
left ventricular function. 


ARTERIOGRAPHIC FINDINGS 


There is a relative paucity of informz tion 
regarding coronary arteriography in pa- 
tients with PVA. MacAlpin e al." dis- 
cussed the angiographic findings in 19 cases 
and 18 additional ones have been added by 
other groups.?5:5:2.2? All rr of our patients 
have been studied angiographically. An in- 
teresting and rather unusual patterr be- 
comes apparent if one analyzes the chenges 
seen in these 48 cases. 

Thirty-one individuals with PVA (65 per 
cent) were found to have severe focal proxi- 
mal narrowing of a single major corcnary 
artery. The left anterior descending a-tery 
was involved in 15 cases, the right corcnary 
artery in Io, the left circumflex artery in 4, 
and the left main coronary artery in 2. In 
virtually all of these cases, the distal seg- 
ments of the arteries were free of signif cant 
disease and showed rapid and comolete 
“runoff” of contrast material. Examples of 
5 of our patients with these focal lesions are 
shown in Figures 4-8. Thirteen addit onal 
patients (27 per cent) had angiographically 
normal vessels. The remaining 4 patients 
(8 per cent) had double or triple vessel 
disease. Only 2 instances of complete oc- 
clusion were found, both occurring ir. pa- 
tients with double or triple vessel dissase. 
Collateral circulation was not seen in 
individuals with normal coronary arteries, 
or in those with focal, single vessel s-eno- 
sis, no matter how severe the narrowing. 
Patients in these 2 categories also demon- 
strated normal contractility of the left 
ventricle at ventriculography. The unusual 
aspect of this distribution of lesions is that 
there were so many localized narrowings of 
a single artery and so few instances of mul- 
tiple vessel disease or total occlusions. In 
unselected groups of patients with corcnary 
artery disease, the incidence of both multi- 
ple vessel disease and total occlusioas is 
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Fic. 4. (4) Left coronary arteriogram, right anterior 
oblique view, in a 30 year old male drug addict 
with Prirzmetal’s angina. There is severe stenosis 
of the lef- anterior descending artery (arrowhead). 
No other lesions are seen. The patient’s ECG is 
shown in Figure 1, 4 and B. (B) The right coro- 


nary artery in this patient is entirely normal. 


consideraoly greater." 

The most dramatic angiographic aspect 
of this disease has been the recent demon- 
stration of coronary artery spasm during 
typical attacks of PVA in a small group of 
patients.? 519,20 Two such cases were re- 
ported by Cheng e al in patients who 
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otherwise had normal coronary arteries. 
Both had typical signs and symptoms of 
PVA and developed severe chest pain asso- 
ciated with S-T segment elevation during 
selective coronary arteriography. One pa- 
tient was seen to have transient severe 
narrowing of the distal right coronary ar- 
tery (RCA), while the other had transient 
narrowing of the proximal RCA just be- 
yond the catheter tip. The narrowed seg- 
ments rapidly reverted to normal caliber 
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Fic. 5. (4 and B) Left anterior oblique and right an- 
terior oblique views of the left coronary artery in a 65 
year old mele with Prinzmetal’s angina. Note severe 
stenosis of the left anterior descending artery (ar- 
rows). The left coronary arterial tree is otherwise 
unremarkable. (C) The right coronary artery in this 
patient is normal. 
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following administration of sublingual ni- 
trates. An especially well-documented case 
has been presented by Oliva eż a/., who 
performed a series of selective arteriograms 
of the RCA during multiple consecutive 
transient attacks of PVA in a female pa- 
tient. During each attack, severe spasm of 
the RCA was noted, but the site, extent 
and degree of obstruction varied from one 
to the next. In between attacks, the RCA 
appeared entirely normal and no further at- 
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Fic. 6. (4 and B) Left coronary arteriograms in the right and le t anterior oblique views in a 72 year old 
male with Prinzmetal's angina. There is severe proximal stencsis of the left anterior descending artery 
(arrowheads). Aside from the lesion, both coronary arteries were normal. 





- Fic. 8. Rigat coronary arteriogram, left anterior de- 

Fic. 7. Left coronary arteriogram, right anterior scending view. The patient was a 56 year old fe- 
oblique view. The patient was a 38 year old female, male with typical Prinzmetal’s angina, part of 
part of whose ECG is shown in Figure 2, 4 and B. whose ECG is shown in Figure 3. Severe stenosis 
Severe proximal narrowing of the left anterior de- of the m dportion of the right coronary artery is 
scending artery is present (arrowhead). The right present ‘arrow). The left coronary arteriogram 


coronary artery was unremarkable. was normal. 
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tacks occurred after administration of sub- 
lingual nitroglycerin. A fourth case has 
been reported by Dhurandhar ef al. who 
demonstrated proximal RCA spasm at the 
site of an atherosclerotic plaque, associated 
with the onset of chest pain in a patient 
with the typical clinical features of PVA. 
The authors, however, did not indicate 
whether S-T segment elevation occurred 
during this episode. As in the other cases, 
the spasm rapidly disappeared after sub- 
lingual nitrates. Three additional cases with 
angiographically-documented spasm have 
been briefly reported by Ruggeroli et a/.,”° 
but no details of these cases are available 
as yet. We have not observed this phenom- 
enon in our group of patients, since none of 
them experienced an attack while arteri- 
ography was in progress. 

Catheter-induced spasm of the proximal 
RCA is a common occurrence during selec- 
tive coronary arteriography, particularly if 
patients are not premedicated with nitrates. 
The question might therefore be raised as 
to whether the above cases were simply 
examples of catheter-induced spasm during 
the procedures. This seems unlikely, since 
catheter-induced spasm is rarely accom- 
panied by significant chest pain or S-T seg- 
ment elevation. 


DISCUSSION 


Prinzmetal e? al. originally hypothe- 
sized that their variant form of angina 
pectoris resulted from episodic spasm of an 
already-narrowed segment of a major coro- 
nary artery, resulting in transient complete 
obstruction of the vessel. The clinical fea- 
tures of the syndrome amply support the 
validity of this theory. The development of 
attacks at rest, lack of reproducibility with 
exercise, cyclic nature, rapid onset and 
rapid relief with nitroglycerin, and the fre- 
quency of prolonged remissions all bespeak 
a paroxysmal phenomenon, rather than one 
related purely to a fixed anatomic obstruc- 
tion. Furthermore, temporary ligation of a 
major coronary artery in experimental ani- 
mals has been found to produce an identical 
S-T segment elevation, which quickly re- 
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verts to normal after release of the liga- 
ture.’ The recent arteriographic demon- 
stration of localized spasm during attacks 
of PVA has confirmed the role of this 
mechanism in the genesis of the disease. In 
addition, it has become quite apparent that 
signif cant atherosclerotic disease need not 
be present, but that spasm alone may ac- 
count for the symptoms in patients whose 
cororary arteries are anatomically normal. 

The prognosis for patients with PVA ap- 
pears to be guarded during the early stages. 
MacAlpin eż a4? report that approxi- 
mate y 20 per cent of patients die suddenly, 
while another 20 per cent experience myo- 
cardial infarction in the area predicted by 
the distribution of S-T segment elevation. 
Most c? these complications occur during 
the árst 3 months. Beyond this point, 
symptoms frequently abate and the prog- 
nosis improves. 

There remains some controversy over the 
optimal mode of therapy for patients with 
PVA. Goodin et al.,8 and Silverman and 
Flamm“! have stated that bypass surgery is 
the treatment of choice, whereas Mac Alpin 
et al? and Oliva et al! prefer an initial 
trial of vigorous medical therapy. In our 
expe-ience, surgical results have been dis- 
couraging. Of 7 patients undergoing saphe- 
nous vein bypass procedures, 4 died during 
or shortly after surgery. A fifth patient had 
an initially good result, but then suffered 
an aaterior myocardial infarction when his 
left arterior descending artery bypass 
thrombosed. The other 2 individuals have 
had good long-term results. Of the 4 pa- 
tients treated medically, 1 has had a good 
long-te-m result, 1 has had slight improve- 
ment, znd 2 have been lost to follow-up. 

There is certainly some question as to 
whether coronary bypass can be fully effec- 
tive against spasm, which can affect the ar- 
terial segment distal to the anastomosis as 
well as the segment proximal to it. Our cur- 
rent recommendations, therefore, coincide 
with those of MacAlpin et al.}? i.e., that 
close observation and medical therapy be 
instituted, especially during the first 3 
months after onset of symptoms. Bypass 
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surgery should be reserved only for those 
patients with unremitting pain or uncon- 
trollable arrhythmias. 


SUMMARY 


The clinical, electrocardiographic, hemo- 
dynamic and arteriographic features of 
Prinzmetal’s variant form of angina pec- 
toris are discussed, based upon previously 
reported case material and our own expe- 
rience with 11 patients. 

Although the chest pain of Prinzmetal's 
angina results from myocardial ischemia, 
the syndrome differs from the classical form 
of angina pectoris in many respects. In par- 
ticular, Prinzmetal’s angina develops at 
rest or with light activity and is accom- 
panied by S-T segment elevation on the 
electrocardiogram, while classical angina 
pectoris is precipitated by increased cardiac 
work and is frequently accompanied by 
S-T segment depression. 

Arteriography in most cases reveals 
either focal stenosis of a single major coro- 
nary artery or anatomically normal vessels. 
Only rarely are multiple vessel disease or 
total obstructions seen. 

There is strong clinical evidence suggest- 
ing that Prinzmetal's angina is produced by 
transient paroxysmal spasm of a major 
coronary artery. This has been verified re- 
cently by actual angiographic demonstra- 
tion of spasm while attacks were in progress. 


David C. Levin, M.D. 
Department of Radiology 
State University of New York 
Downstate Medical Center 
450 Clarkson Avenue 
Brooklyn, New York 11203 
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LYMPHOCELES FOLLOWING RENAL 
TRANSPLANTATION* 


By CHARLES MOTT, M.D.,t and MELVYN H. SCHREIBER, M.D.1 


GALVESTON, TEXAS 


JA -EMPHOCELE or lymphocyst is an 
abnormal encapsulated collection of 
lymph in the pelvis which occurs in the 
postoperative period following pelvic sur- 
gery. Transsection of the lymphatic chan- 
nels during the surgical procedure has been 
shown to result in an outpouring of lymph 
into the potential or free spaces of the pel- 
vis. Depending upon the size of this collec- 
tion of fluid and its position within the pel- 
vis, compression of the pelvic organs may 
occur. This entity has been well docu- 
mented in the gynecologic literature? 45.12 
and in the surgical literature.!?.20 
Only recently have lymphoceles follow- 
ing renal transplantation been recog- 
nized as a potentially serious complica- 
tion, 5$:1,14157 Koehler and Kyaw's? re- 
port of 4 cases and the 2 cases of Moreau 
et al? have been the only descriptions of 
this complication of renal transplantation 
which have appeared in the radiologic lit- 
erature. For this reason, we reviewed the 
renal transplant cases at this institution in 
order to further define the incidence and 
pathogenesis of this complication. 


INCIDENCE 


Pelvic lymphoceles following certain 
gynecologic procedures are common and 
were reported to occur with an incidence as 
high as 49 per cent by Mori? in 195%. He 
reported 68 lymphocysts occurring follow- 
ing radical pelvic lymph node dissection 
for carcinoma of the cervix in 140 patients. 
Dodd ef al in 1970 reported that in a 
series of 453 patients treated by pelvic 
lymphadenectomy for carcinoma of the 
cervix, 131 developed clinically detectable 
lymphoceles, an incidence of 28.9 per cent. 


All authors concluded that the frequency 
of the complication was dependent upon 
the extent of the surgical interruption of 
the lymphatic channels of the pelvis. 
Gray and co-workers? found a lower inci- 
dence of 16.4 per cent in 55 pelvic lym- 
phadenectomies. 

The incidence of lymphocele formation 
following renal transplantation was re- 
ported as 2 per cent of 280 transplant re- 
cipients by Schweizer e£ al! Starzl et al. 
found 2 lymphoceles in 216 patients in 
which tne total number of renal transplants 
was 234; this would be an incidence of less 
than I per cent. Other than these, only 
scattered cases of this complication follow- 
ing renal transplantation have been re- 
ported.? 8911,14 


MATERIAL 


The records of 70 patients, 46 males and 
24 females, receiving a total of 88 renal 
transplants were reviewed. Of these 70 pa- 
tients, 6 male patients were found to have 
pelvic lymphoceles, an incidence of 8.6 per 
cent of the transplant population and 6.8 
per cent of the total number of transplants 
performed. One of these 6 patients suffered 
loss of his transplanted kidney and another 
eventually died from pulmonary embolism. 
Both of these complications resulted from 
pelvic lymphoceles. 


CLINICAL SIGNS AND SYMPTOMS 


The clinical presentation of lymphoceles 
depends on their size and location. Dodd 
and associates? state that the smaller col- 
lections tend to regress spontaneously, 
whereas the larger collections produce 
more immediate symptoms and severe 


* From the Department of Radiology, University of Texas Medical Branch, Galveston, Texas. 
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sequelae. The time interval between trans- 
plantation and clinical recognition of the 
lymphocele in our patients varied from 1 
month to 17 months. Ipsilateral leg swell- 
ing was the most common complaint and 
finding. Leg pain was variably present. A 
feeling of fullness in the pelvis both with 
and without a palpable mass was also re- 
ported. Two patients presented with a 
decrease in renal function as their chief 
complaint. One patient presenting with a 
main complaint of leg edema subsequently 
developed a massive pulmonary embolus 
that resulted in his death. This embolus 
was thought to be due directly to compres- 
sion of the pelvic veins by the lymphocyst 
with subsequent formation of a thrombus. 

Other clinical findings which have been 
reported include acute anuria, gain in 
weight, constipation, infection of the lym- 
phocele and fistula formation. Later effects 
include obstructive uropathy with uremia 
and bowel obstruction.?' 5:15 


ROENTGENOLOGIC FINDINGS 


Plain film roentgenograms of the abdo- 
men will not usually demonstrate any sig- 
nificant abnormality. At times the fascial 
planes in the pelvis may be distorted by 
the surgical procedure. A change in the 
position of phleboliths which is noted on 
films exposed after the surgical procedure 
may be significant, but in general plain 
film roentgen findings are minimal.? 

Intravenous pyelography is the most use- 
ful roentgenologic procedure, giving infor- 
mation about the function of the kidney 
and the status of the collecting structures 
and ureter, as well as showing the urinary 
bladder and any displacement. In addition, 
intravenous pyelography may permit dif- 
ferentiation of a lymphocele from a uri- 
noma. Obstruction of the ureter with hy- 
droureter and hydronephrosis may or may 
not be present. An extrinsic mass lesion 1s 
almost invariably noted compressing the 
urinary bladder, and this is the common- 
est and most characteristic finding (Fig. 
1-5). The opacified ureters are commonly 
displaced medially and anteriorly. Retro- 
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grade cys-ography will show this compres- 
sion of tre urinary bladder to better ad- 
vantage. In addition, extravasation of urine 
at the size of the ureteral anastomosis, if 
present, may be observed (Fig. 4, 4 and B). 

Direct visualization by aspiration of the 
lymphatic fluid from the lymphocele and 
the instillation of a contrast agent into the 
emptied lymphocyst may reveal its size 





Fic. 1. E ght months after a kidney was transplanted 
into tbe right iliac fossa of this 17 year old boy he 
develooed right leg swelling. (4) An excretory 
urogram on June 20, 1972 showed extrinsic com- 
pressica on the right side of the bladder with poor 
visualization of the collecting structures of the 
transplanted kidney. (B) An excretory urogram 
on Jamuary 7, 1973 showed a poorly functioning 
right k dney with a grossly dilated renal pelvis and 
ureter (arrows). On January 10, 1973 the patient 
was ocerated upon and a large lymphocele con- 
taining 1,000 cc. of fluid was aspirated and drained 
externally. 
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Fic. 2. This 24 year old man received a trans- 
plant kidney in the left iliac fossa on June 4, 
1973. Six months later he was admitted to the 
hospital with complaints of left leg swelling 
and pain. (4) An excretory urogram per- 
formed on December 12, 1973 showed 2 hydro- 
nephrotic transplanted kidney and an ex- 
trinsic compression defect of the left superior 
surface of the urinary bladder. The patient 
was operated upon 2 days later and a lympho- 
cele containing 120 ml. of fluid was incised and 
drained externally. (B) The excretory uro- 
gram on December 20, 1973 showed consider- 
able relief of the hydronephrosis. (C) An 
excretory urogram was performed on January 
17, 1974 following removal of the drain. It 
showed reappearance of the compression de- 
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fect on the left superior aspect of the urinary bladder with some return of the TEN Re- 


currence of the lymphocele is a likely explanation. 


and position, but it is not a generally 
recommended procedure (Fig. 5, 4 and B). 
Infection almost invariably results follow- 
ing repeated aspiration. 

Venography is not likely to be of much 
practical value. Lymphoceles do cause 
compression of the femoral veins and in 
this manner probably contribute to the 
edema which is reported to occur in the 
ipsilateral lower extremity and to stasis of 
‘blood and subsequent thrombus formation. 
Venography may demonstrate the compres- 
sion and may also demonstrate the clots 
but would not be useful in determining the 
etiology. 

Lymphangiography is the most positive 
method of demonstrating lymphoceles but 


will rarely be needed since the urographic 
findings are so characteristic. 


DISCUSSION 


Many lymphatic vessels are transsected 
during renal transplantation, particularly 
in the region of the external iliac and hypo- 
gastric vessels when the areolar tissue sur- 
rounding these vessels is excised. An at- 
tempt is made during the surgical proce- 
dure tc ligate all of the major trunks of the 
lymphatic vessels which have been trans- 
sected. If major trunks are not ligated or 
fail to contract, lymph from the trans- 
sected distal trunks will continue to flow 
into potential pelvic spaces.? 

McMaster!’ has defined in more detail 
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Fic. 3. A kidney was transplanted into the left iliac fossa of this 27 year old man on May 12, 1973. Two 
months later left leg edema and a pelvic mass were found. (4) Excretory urography on August 2, 1973 
showed dilatation of the calyces and ureter of the transplanted kidney (arrows). An extrinsic mass com- 
pressed the bladder on its left superior aspect. (B) A repeat urogram with body section roentgenography 
3 days later better demonstrated the defect on the bladder. The ratient was operated upon and a lympho- 
cele containing 300 ml. of fluid was incised and drained. The »atient suffered massive pulmonary em- 
bolism secondary to left saphenous vein, femoral and pelvic vem thrombosis, doubtless related to stasis 
induced by compression from the lymphocele. He died on August 22, 1973. 


‘> 


£5 & | *í 4 3 


Fic. 4. Two months following transplantation of a kidney into the right iliac fossa of this 28 year old man, 
leg edema developed, and a pelvic mass was palpable on the rig- t. (4) An excretory urogram performed 
on August 31, 1973 demonstrated a mass deforming and compressing the urinary bladder on the right and 
displacing it slightly toward the left. A lymphocele was suspected, but because of a small amount of ex- 
travasation of contrast material from the distal part of the transplanted ureter (arrow), a urinoma was 
also thought to be possibly responsible. The patient was operated upon and a small urinoma was found, 
but the compression of the urinary bladder was produced by a lymphocele which contained 200 ml. of 
fluid. It was incised and drained. (B) An excretory urogram on September 21, 1973 shows return of the 
bladder to a normal appearance. 
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Frc. 5. Renal transplantation was carried out in the right iliac fossa of this 19 year old man on September 15, 
1972. An excretory urogram on October 1*, 1972 showed a normally functioning transplanted kidney and 
a normal urinary bladder. (4) An excretory urogram on January 21, 1974, 17 months after transplantation, 
revealed an enlarged right kidney and a large mass impinging on the right superior aspect of the urinary 
bladder. The patient was operated upon on February 6, 1974 and a 500 ml. lymph-filled cyst was aspirated. 
(B) The lymphocele was injected with contrast material at the t me of the operation, displaying its borders, 
size and position. The lymphocele was trezted by marsupializa-ion of the cyst cavity with intraperitoneal 





drainage. 


the occurrences following laceration of 
lymphatic vessels in experimenta  ani- 
mals. Following transsection and the out- 
pouring of lymph, the most proximal end 
of the lymphatic channels initially remain 
open and carry lymphatic fluid away from 
the wound. However, this process is hin- 
dered to a certain degree by the presence of 
fibrin clots within the wound. The lym- 
phatic channels become completely oc- 
cluded within 48 hours. At this point, two 
factors determine whether or not the lym- 
phatic fluid will accumulate within the 
wound: availability of collateral channels 
and the capability of the lymphatic vessels 
to regenerate. McMaster! was able to 
demonstrate new lymph vessel formation 
within 7 to 10 days following injury. 
Dodd and associates? state that if 3 long 
segment of a lymphatic channel is removed, 
regeneration will not occur, the remcval of 
accumulated lymphatic fluid then being 
dependent upon the adequacy of tke col- 
lateral circulation. Pelvic lymphadenec- 


tomy is a much more extensive procedure 
than reral transplantation, and much more 
lymphatic tissue is removed. Thus it is not 
surprising that the incidence of lymphocele 
formation is greater following pelvic lym- 
phadenectomy than after renal transplan- 
tation. 

In ou- series of patients, the most com- 
mon presentation was that of ipsilateral leg 
swelling occurring in 5 patients, the result 
of compression of the iliac vessels by the 
lymphocele. Compression of the iliac veins 
most likely led to the death of 1 patient 
because of the subsequent development of 
thrombophlebitis and pulmonary embo- 
lism. Three of our patients complained of 
a pressure sensation in the pelvis and pain in 
the ipsilateral leg. One patient presented 
with decreased renal function. 

Diagnosis of lymphocele is best made by 
excretory urography, which shows the char- 
acteristic compression of the urinary blad- 
der and perhaps dilatation and obstruction 
of the ureter. Compression of the bladder 
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and displacement of the ureter were 
noted in all of our patients. The differential 
diagnosis should include abscess, pelvic 
hematoma, urinoma, thrombophlebitis and 
cystitis. This differentiation can usually be 
readily ascertained by utilizing the clinical 
and laboratory findings and excretory urog- 
raphy. Other procedures including cystog- 
raphy, femoral venography and ultrasound 
may be utilized. Lymphangiography will 
rarely be necessary. 

The problems of prevention and treat- 
ment of lymphoceles are quite complex. 
Although ligation of the severed lymphatic 
channels during the surgical procedure has 
been suggested as being of utmost impor- 
tance, it is difficult to demonstrate objec- 
tively a lower incidence of lymphocele for- 
mation when ligation is done than when it 
is not. 

The treatment of lymphoceles that have 
already developed has varied. Simple 
needle aspiration has been attempted with 
little success. The lymphoceles tend to 
recur quite rapidly, and, in addition, after 
repeated aspirations, infection usually su- 
pervenes. 

External drainage appears to be the ini- 
tial procedure of choice. Drains can be in- 
serted quickly and have resulted in some 
cures. Drainage was of benefit in 4 of our 6 
patients with lymphoceles. If simple drain- 
age of the cyst is not curative, than mar- 
supialization with drainage into the peri- 
toneal cavity is the next procedure of 
choice. 

Other procedures have included localiza- 
tion of the draining lymph fistula by lym- 
phangiography and then, aided by a colored 
intralymphatic infusion at the time of 
wound exploration, direct ligation of the 
open lymphatic vessel. This technique was 
first used by Strode and Grininger.’® 
Madura et al.? have suggested that a long 
trial of conservative management may be 
indicated, consisting of bed rest, extremity 
elevation and compression dressings to 
keep the superficial lymphatic system 
empty. It is well known that patients may 
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become asymptomatic during hospitaliza- 
tion and bed rest, but following discharge 
from the hospital and progressive ambula- 
tion, the lymphocele may recur. 


CONCLUSION AND SUMMARY 


The symptom complex of ipsilateral leg 
swelling, leg pain, pelvic fullness and de- 
creased renal function in a renal transplant 
recipient coupled with roentgenographic 
demonstration of an extrinsic mass com- 
pressing the urinary bladder and perhaps 
obstructing or displacing the transplant 
kidney ureter, is almost diagnostic of a 
lymphocele. 

Impaired renal function, thrombophle- 
bitis and subsequent pulmonary embolism 
are severe complications of lymphoceles. 
The trectment of choice appears to be 
external drainage for primary lymphoceles 
and intraperitoneal marsupialization for 
recurrent lymphoceles. 


Melvyn H. Schreiber, M.D. 
Departmer t of Radiology 

University of Texas Medical Branch 
Galveston, Texas 77550 
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ANGIOGRAPHIC FINDINGS IN BRONCHIAL 
ADENOMA* 


(CARCINOID TYPE) 


By KAMAL MOJAB, M.D., WALTER BARKER, M.D., JUSTO RODRIGUEZ, M.D., 
and MARCUS RAMOS, M.D. 


CHICAGO, ILLINOIS 


ROUAL adenomas comprise 2 to 4 
per cent of all primary pulmonary neo- 
plasms. The tumors usually occur in pa- 
tients between the ages of 20 and 40 years 
and have no apparent predilection for 
males. Most of these lesions are found in 
and about the main bronchi. Because of 
their significant vascularity, such adenomas 
may be differentiated from avascular le- 
sions angiographically. Carcinoid adeno- 
mas are usually supplied by enlarged bron- 
chial arteries which may appear aberrant: 
as such, they can be confused with pulmo- 
nary sequestrations. Although pulmonary 
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Fic. 1. (4) Posteroanterior and (B) lateral roentgenograms of the chest reveal a homogeneous mass 
located in the posterior basal segment of the right lower lobe. 


sequestrztion has an aberrant systemic ar- 
terial blcod supply, it usually arises from 
the intrathoracic or intra-abdominal aorta 
and not from bronchial arborization. 


REPORT OF A CASE 


A 27 year old Black male was admitted to the 
Thoracic Surgical Service at Cook County Hos- 
pital because of a recurrent history of cough, 
expectoration of mucopurulent sputum, brisk 
hemoptyses and low-grade fever. Physical ex- 
amination was within normal limits, except for 
scattered -honchi on the right. Sputum cytol- 
ogy was negative for malignant cells and culture 
failed to vield any significant pathology. 





* From the Department of Diagnostic Radiology and Thoracic Surgery, Cook Courty Hospital, Chicago, Illinois. 
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Posteroanterior and lateral chest roentgeno- 
grams revealed a homogeneous mass located in 
the posterior basal segment of the right lower 
lobe (Fig. 1, 4 and B). Tomogram revealed the 
well-delineated non-calcified nature of the lesion 
and, in addition, indicated a bronchial cut-off at 
the distal bronchus intermedius (Fig. 2). Bron- 
chograms confirmed the obstruction of the 
bronchus (Fig. 3, 4 and B). Bronchoscopy was 
performed and a smooth, tan, rounded ob- 
structing mass located at the distal end of the 
bronchus intermedius was observed. On the 
basis of the patient’s history and plain chest 
roentgenograms, the diagnosis of pulmonary 
sequestration was considered. 

Aortic angiography was performed which re- 
vealed a relatively large artery exiting from the 
right side of the aorta at the level of T-5 (Fig. 
4). Selective catheterization of the bronchial 
artery was performed and, as seen in Figure 5, it 
extends through the lower lung to supply a 
highly vascular mass. Abnormal beaded vessels 
distal to the tumor, due to pneumonitis and de- 
lineation of the lesion, are best seen in the sub- 
traction films (Fig. 6, 4 and B). Exploration re- 
vealed a large 3X4 cm. mass located in the 





Fic. 2. Tomogram of the right chest reveals the well 
delineated noncalcified nature of the lesion and 
obstruction of the corresponding bronchus. 





Fic. 3 (/4 and B) Bronchograms confirm 
tFe obstruction of the bronchus. 


posterior tasal segment of the right lower lobe. 
Right lower lobectomy and mediastinal dissec- 
tion were performed. Histopathology revealed 
a bronchial adenoma of the carcinoid type and 
pneumonitis distal to the lesion (Fig. 7, 4 and 
B;and 8, Z and B). Hilar and mediastinal lymph 
nodes were negative for metastatic involvement. 


DISCUSSION 


Bronchial adenomas arise from mucous 
glands and are usually located centrally, 
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Fic. 6. (4 and B) Subtraction films demonstrate norma. vessels with delineation of the wall. 
The beaded vessels distal to the tumor are due to pneumonitis. 





Fic. 4. Aortic angiogram demonstrates a relatively 
large bronchial artery exiting from the right side 
of the descending aorta at the level of T-5. 


causing partial to complete bronchial ob- 
struction. About 20 per cent of these tu- 
mors arise peripherally and are not asso- 
ciated with bronchial obstruction. The 
roentgenographic finding of this type of 








Fic. 5. Selective catheterization angiogram of the 
bronctial artery reveals extension of this bifid ar- 
tery tc the mass and surrounding parenchyma. 


adenoma may appear as a solitary pulmo- 
nary nodule. 

Ther2 are 3 types of bronchial adenoma: 
the carcinoid type; cylindroma (adenoid 
cystic carcinoma); and mucoepidermoid 
tumor.’ Most of these lesions are found in 
and about the main bronchi. The carcinoid 
type frequently protrudes into the bron- 
chial lumen which can produce partial or 
complete obstruction of the bronchus. The 
cylindroma and mucoepidermoid tumors 
tend to occur more proximally than the 
carcinoid type and are more likely to ex- 
tend along the bronchial wall. The intra- 
bronchial portion of the tumor frequently 
ulcerates producing hemoptyses. 

Unlike the intestinal carcinoid, carcinoid 
syndrome is very rare in carcinoid of the 
lung. Biopsy is an important diagnostic 
measure, although it may result in signifi- 


— 


Fic. 7. (4) Right middle and lower lobes, with ovoid mass arising from the walls of their secondary bronchi, 
bulging into their lumens, and extending into the parenchyma. (B) Cut surface of the mass, which was 
homogeneously tan and showed some calcific stippling. 
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Fic. 8. (4) Focal ossification (arrows) within the 
tumor mass. (B) Characteristic pattern composed 
of well delineated nests of uniform cells. 


cant hemorrhage. Treatment is generally 
surgical removal, since the tumor is not 
radiosensitive. 
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Bronchéal adenomas are tumors of low- 
grade maignancy which may eventually 
metastasize. McBurney et al. reported that 
about Io per cent of all bronchial adenomas 
metastasize distantly. It is generally con- 
ceded that cylindromas metastasize more 
readily tham carcinoid adenomas and that 
the mucozpidermoid types are the least 
malignant 


SUMMARY 


A case of carcinoid bronchial adenoma 
treated by lobectomy is reported. 

The diagnostic roentgenologic features 
are presented and the angiographic charac- 
teristics are discussed in relation to the dif- 
ferentiation of this entity from other pul- 
monary lesions. 


Kamal Mojzb, M.D. 
Department of Radiology 
Angiographiz Division 
Cook County Hospital 
1825 West Harrison Street 
Chicago, Illiacis 60612 


The authors wish to thank Gertrude 
Novak, M.D., Associate Director of the 
Department of Pathology for her assistance 
in providing gross and microscopic photo- 
graphs with detailed descriptions. 
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SEVENTY-FIFTH ANNUAL MEETING OF THE 
AMERICAN ROENTGEN RAY SOCIETY 


E b» Seventy-fifth Annual Meeting of 
the American Roentgen Ray Society 
was held at the San Francisco Hilton 
Hotel, San Francisco, California, from 
Tuesday, September 24 through Friday, 
September 27, 1974. 

'This is the second time that the Society 
met in "Everybody's Favorite City," a 
legendary place beside a beautiful bay, 
with exquisite towers, such as the 853 foot 
Pyramid, gracing its sparkling skyline and 
pastel sun-bathed houses commanding its 
magically restful hills. The first—very 
successful—Annual Meeting in San Fran- 
cisco was held in 1966, with Dr. Clyde A. 
Stevenson of Spokane, Washington, as the 
President. | 

At 8:30 A.M. Tuesday, President William 
B. Seaman of New York called the meeting 
to order and in a brief ceremony he in- 
stalled Colin B. Holman as the new Presi- 
dent of the Society. 

Incoming President Holman, as his first 
function, remitted to outgoing President 
Seaman the Past Presidents’ Book, in- 
scribed with his name and containing the 
photographs in color of the Pfahler and 
Erskine gavels, and a list of all Past Presi- 
dents. 

President Holman then gave a timely 
and most appropriate Inaugural Address 
on "Nothing endures but change," the bit 
of wisdom attributed to ancient Heraclitus 
and quoted many times. “This truism im- 
plies," said President Holman “that at least 
one of the qualifications for continuing suc- 
cess should be the ability to change.” Then 
he went on to narrate the historic changes 
throughout the 75 years of the American 


Roentgen Ray Society, which were made 
in an “orderly and evolutionary manner, 
to best serve the needs of patient care and 
scientific advancement through organized 
radiology." A second group of major 
changes concerns the concept of “images 
in the technical sense,” and also includes 
the need -o consider changes in the Annual 
Meeting, Society Membership, Require- 
ment of Radiologists, and Changes on the 
National Level which were detailed and 
are published i» extenso in the leading 
article of this issue of the JouRNAL. 

President Holman concluded his splendid 
Inaugural Address: “The opportunity to 
consider, debate, and evaluate these pro- 
posals, the changes that have already been 
implemerted in the format of the Annual 
Meeting, and, most significantly, the con- 
tinued superiority of our official JouRNAL 
through a dedicated editorial staff serve 
to verify the vitality of this venerable or- 
ganization on its Diamond Anniversary.” 

This year's format of the Annual Meet- 
ing differed from that of former Annual 
Meetings in several respects: 

(1) For the first time in the history of 
the Society a "registration fee" was re- 
luctantly charged to hold down the con- 
tinuouslv increasing expense in the ar- 
rangement of the meeting. 

(2) For the same reason, the Annual 
Banquet, which year after year was the 
highlight of the social activities, has been 
replaced by a General Reception to all 
registrants; this was held on Thursday 
evening. 

(3) The number of copyrighted papers 
accepted by the Program Committee has. 
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been increased from an average of 44 to 66. 
This necessitated the arrangement of 2 
parallel sectional meetings on Wednesday 
and Friday. 

(4) For the second time the Caldwell 
Lecture was given on Wednesday at 
11:30 A.M. instead of Tuesday evening. 

(5) For the second time a Section for 
Therapeutic Radiology papers was estab- 
lished. 

(6) The invitation of Award papers from 
the various contributing Specialty Socie- 
ties was maintained. This year the Soci- 
ety for Pediatric Radiology (Tuesday), 
the American Society of Neuroradiology 
(Wednesday), and the Society of Gastroin- 
testinal Radiology (Thursday), contributed 
valuable papers, of interest to all radiol- 
ogists. 

On Wednesday, there were 2 Parallel 
Sections: one a Diagnostic Program, and 
a second a Radiation Therapy Program. 

At 11:30 A.M. the 2 Sections merged for 
the Caldwell Lecture. 

This year’s Caldwell Lecturer was Collin 
S. MacCarty, M.D., Professor and Chair- 
man, Department of Neurologic Surgery, 
Mayo Clinic, Rochester, Minnesota, and 
the title of his Lecture was “A Significant 
Symbiotic Relationship.” 

Dr. MacCarty was introduced by C. 
Allen Good, M.D., former Professor and 
Chairman, Department of Diagnostic Ra- 
diology, Mayo Clinic, and presently Sec- 
retary of the American Board of Radiol- 
Ogy. 

There was an overflow attendance at this 
brilliant Lecture of utmost timely interest, 
which was published in the November 
issue of the JOURNAL. 

At the conclusion of the Lecture, Presi- 
dent Holman awarded the Caldwell Gold 
Medal to Dr. MacCarty, the Society's 
highest award for meritorious scientific 
achievement. 

The second parallel Section Meeting 
was held Friday morning. This was neces- 
sary to accommodate diagnostic papers 
presented during the first half of the meet- 
ing. The sessions were in adjacent facilities 
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so that one could pass from the one to the 
other between presentations. 

On Wednesday afternoon, 1: 30-2:45 
P.M., The American College of Radiology, 
with Paul A. Riemenschneider, M.D., 
President of ACR as Moderator, con- 
ducted a most interesting session on the 
following topics: The Feds and You, by 
John W. Travis, M.D.; Our Equipment 
Problems by Albert S. Dunn, M.D.; People 
Programs or Regulations?, by Reynold F. 
Brown, M.D.; and Recertification ABR. 
ACR Liaison, by Robert E. Wise, M.D. 

The Scientific Exhibits were numerically 
by far the largest in the Society's history 
(116 Exhibits); qualitatively they were 
most outstanding, faithfully reflecting the 
tremendous progress that has been made 
recently in the science of Radiology. Dr. 
James Franklin Martin, enthusiastic Chair- 
man, and his untiring Scientific Exhibits 
Committee excelled all previous standards 
in assembling these splendid exhibits, the 
great success of which will be difficult to 
surpass in the future. A detailed descrip- 
tion of the Scientific Exhibits is given in 
the following pages of this issue of the 
JOURNAL. 

The Technical Exhibits, commensurate 
with the difficulties of our time, were less 
numerous. They displayed, however, many 
important contributions to the dynamic 
evolution of radiology. They were assem- 
bled by Dr. George A. Kling, under the 
guidance of Dr. James C. Cook, Consul- 
tant, and Mr. Clifford L. Sherratt, Honor- 
ary President of the Society. This issue of 
the JounNAL also gives an account of these 
exhibits with a detailed list of the exhibit- 
ing firms. 

The Committee on Local Arrangements 
under the enthusiastic Chairmanship of 
Dr. Tom M. Fullenlove prepared splendid 
local activities. 

On Monday, preceding the meeting, the 
Annual Golf Tournament was held at the 
famous Olympic Club. On a beautiful 
course and with sunny skies, shotgun com- 
petition was held for the Willis F. Manges 
Trophy awarded for the low net score and 
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the Exhibitors’ Trophy for the low gross 
score. This was followed by cocktails and 
an excellent late luncheon. There was also 
a tennis tournament at the Golden Gate 
Club for tennis members. 

The Ladies’ Program, under the equally 
enthusiastic Chairmanship of Mrs. Tom 
M. Fullenlove and Co-Chairmanship of 
Mrs. John C. Bennett and their able Com- 
mittee was most attractive. It was as fol- 
lows: 


1. Monday, September 23, 9:00-4:00 
p.M. Wine Country Tour and Lunch- 
eon. Drive across the Golden Gate 
Bridge to the Napa Valley and the 
splendid privately-owned vineyards 
that dot the countryside. There was a 
wine tasting at 2 of the famous winer- 
ies: Inglenook, Christian Brothers, or 
Charles Krug. A specially-catered 
luncheon was served in the Vineyard 
Room of the Mondavi Winery. After 
luncheon, there was a ride up the 
Napa Valley to browse and shop at 
Vintage 1870, an old winery which 
has been remodeled to house a com- 
plex of colorful shops, art gallery and 
chutney kitchen. A stop at the Hurd 
Candle Factory completed the day 
in the wine country. 

2. Tuesday, September 24, 9:30 A.M.— 
1 :30 P.M. Cosmopolitan City Tour. The 
breath-taking panorama from some of 
San Francisco's Seven Hills was 
seen. Beautiful residential areas and 
Consulate homes, new buildings 
(some controversial), old homes (some 
splendidly Victorian), back alleys and 
little known roads, all part of the 
City, were viewed. There was time to 
see the contrast from the wooded 
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Presidio and old Fort Point to the 
bustling Embarcadero and modern 
architecture in the Financial Center. 

3. Wednesday, September 25, 9:30 A.M.- 
3:3c P.M. Sausalito-Tiburon Ad- 
venture. Delightful ride on the ferry 
boat across San Francisco Bay, past 
Alcatraz Island, Angel Island and a 
spectacular view of the Golden Gate 
and the beautiful skyline of the City. 
After luncheon, time for shopping in 
the boutiques and craft shops along 
the waterfront was available, with 
return by bus over the Golden Gate 
Bridge. 

4. Thursday, September 26, 10:00 A.M.— 
I2 noon; and 1:30 P.M.-2:30 P.M. A 
truly unique opportunity for the 
visitor to San Francisco. An authentic 
Chinese grocery store, banks, herb 
shops, newspaper printing, a fortune 
cookie factory, temples and shrines 
were part of this tour. 


The Press Relations were conducted with 
skill and zood judgement by Dr. Alexander 
Margulis and Dr. Glenn Sheline, with the 
expert assistance of Mr. Otha W. Linton, 
Director of Public Relations of the Ameri- 
can College of Radiology. 

To the Management and Staff of the San 
Francisco Hilton Hotel and the San Fran- 
cisco Convention Bureau, the Society ex- 
presses i-s sincerest thanks for the many 
courtesies rendered under the difficult cir- 
cumstances of our time. 

President Holman deserves the distinct 
admiration and unbounded thanks of the 
Society for rendering the Diamond Anni- 
versary an important milestone in the 
history of this venerable organization. 

Traian Leucutis, M.D. 
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THE APEX PULMONIS 


oT EE apex of the lung has come of ra- 
diologic age: its aberrations need no 
longer be confined to “thickened pleura” 
or “superior sulcus tumor,” but should in- 
clude a variety of normal and morbid 
states. To understand these states, a de- 
tailed knowledge of its anatomy is needed. 

As a practicing anatomist and as cus- 
todian of purity in anatomic nomenclature, 
the radiologist should consider the apex of 
the lung the cephalic portion bounded by 
the first costal arch.! Relying on the find- 
ings in the dissecting room to the exclusion 
of findings given by the roentgen method 
will lead to grave error in understanding 
the apex.? 

The apex receives no support from the 
mtercostal musculature, but is incom- 
pletely invested by the scalene muscles 
anteriorly and laterally. Posteriorly, it 
rises to the height of, and is protected by, 
the head and neck of the first rib. Anato- 
mists refer to Sibson's fascia, an inconstant 
aponeurotic layer with an inconstant mus- 
de complement, deep to the parietal 
pleura of the apex, giving the apex further 
support. (The only pulmonary hernia I 
have personally encountered was in the 
apex.) 

Znteriorly, the subclavian artery courses 
over the apex making a groove from its 
retropleural position. The subclavian vein 
fellows its artery, but makes no groove. 
‘Hence, the subclavian artery is visualized 
radiographically, but its vein is not. The 
groove in the left apex for the origin of the 
common carotid permits its radiologic vis- 
valization just medial to the origin of the 
left subclavian artery. A proper analysis of 
these interfaces just above the aortic arch 
may permit the suspected diagnosis of 
aberrant origin of the right subclavian 
artery.? 

+ Bnasn, J. C. Cunningham's Textbook of Anatomy. Ninth 
edition. Oxford University Press, London, 1953. 
2 Cimino, C. V. In: Golden's Diagnostic Radiology. Section 


V. Digestive Tract. Williams & Wilkins Company, Baltimore, 


1969, Figure 15, p. 34. 
* Branscom, J. J., and Austin, J. H. M. Aberrant right sub- 


Medially, the apices approximate pos- 
terior to the esophagus, their parietal 
pleurae separated by the little connective 
tissue within the posterior mediastinum. 
The parietal pleura of the right apex covers 
the lateral surface of the right wall of the 
esophagus and the lateral surface of the 
right wall of the trachea where the trachea 
starts its contact with the lung. The pari- 
etal pleura of the left apex is separated 
from the left wall of the esophagus and 
from the left wall of the trachea by the 
subclavian and common carotid arteries, 
but at times it will contact the esophagus 
and trachea, with attendant roentgen 
visualization of these structures. 

Superiorly, the apex with its parietal 
pleura projects into the connective tissue 
continuum of the neck and mediastinum, 
and is thus in potential contact with any 
process coming from neck or mediastinum. 

The foregoing account gives anatomic 
basis for most of the normal and abnormal 
radiographic findings, which will best be 
depicted on roentgenograms made with 
three phase current, high voltage, and with 
screens and grid of superior quality. The 
radiologist is accustomed to study the apex 
on the standard posteroanterior roent- 
genogram as an impure structure, since it 
Is viewed half-axially superimposed upon 
subjacent lung. 

The apical cap has been exhaustively 
studied by Heitzman's extraordinarily pro- 
ductive school of roentgen-pathologic cor- 
relation.* Most caps are scars merging into 
the visceral pleura, such a characteristic 
lesion conditioned possibly by chronic 
apical ischemia, and are unilateral or bi- 
lateral. Apical caps of some older people 
with normal lungs may be due to a bumpy, 
rather than smooth, lung-extrapleural in- 
terface. 





clavian artery: findings seen on plain chest roentgenograms. AM. 
J. RozNTSENor.,, Rap. THERAPY & NUCLEAR MED., 1973, 779, 
539-542. 

* Renner, R. R., MARKARIAN, B., Pernice, N. J., and Hertz- 
MAN, E. R. Apical cap. Radiology, 1974, 110, 569-573. 
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The myth of the tuberculous nature of 
the inflammatory apical cap continues to 
die hard. Its postinflammatory nature in 
most cases is a diagnosis of exclusion, and 
may be accepted only after considering 
several normal and abnormal states: 

1. The smooth, sharply outlined com- 
panion shadow of soft tissue inferior to 
the first rib (as well as subsequent ribs) 
should cause the radiologist little diag- 
nostic difficulty.‘ 

2. The right and left subclavian arteries 
are sharply delineated in their arcuate 
course over the apex towards the tubercle 
of the first rib, and are commonly, but 
erroneously, interpreted as thickened 
pleura. Their identification is certain when 
both cephalic and caudal borders are 
present. The right subclavian artery IS 
visualized less commonly than the left 
because its course is often more cephalic, 
merging into the right apical extrapleural 
soft tissues. 

The subclavian artery is relatively un- 
protected anteriorly. In the proper clinical 
setting of severe injury to the neck with 
loss of blood, the apical cap should suggest 
rupture? identified by emergency arteriog- 
raphy. 

The subclavian vein has no pulmonary 
interface and is thus not visualized, as con- 
trasted to the superior vena cava and the 
adjoining segment of the right innominate 
vein, but the subclavian vein acquires an 
interface and becomes visualized by ex- 
travasation from false passage of a catheter 
or from external trauma, or when it be- 
comes ectatic in degenerative or obstruc- 
tive states. Under these conditions, an 
apical cap is formed. 

Similarly, degenerative, infectious or 
traumatic ectasias of any of the great root 
arteries of the thoracic inlet may cause an 
intrusion upon the apex with the formation 


5 Gonvos, B. Roentgen image of subclavian artery in pulmo- 
nary apex. Am. J. ROENTGENOL., Rap. THERAPY & NUCLEAR 
Mep., 1961, 86, 1058-1062. 

6 SrunM, J. T., Strate, R. G., Mow em, A., QuATTLEBAUM, 
F. W., and Perry, J. F., Ja. Blunt trauma to subclavian artery. 
Surg., Gynec. E Obst., 1974, 138, 915-918. 
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of an apical cap. 

Angiography will identify all these vas- 
cular corditions. 

3. Eetropleural hematoma associated 
with injury to the first rib is the commonest 
cause of the non-postinflammatory apical 
cap, from which it is differentiated by the 
day to day fluctuations in size. The usual 
injury is fracture, from either direct blow 
or vio.ent muscular pull, such as sustained 
in basketball or wrestling. Callus from 
such an injury may later mimic an apical 
pulmenary tumor, the question resolved 
only »y laminagraphy. Complete disloca- 
tion of the first rib at its costovertebral 
joint comprises a rare injury, with which 
I have just had my first experience. 

4. A severe soft tissue injury to the neck 
without associated fracture may produce 
an apical cap. The hematoma depresses the 
apex, and may dissect extrapleurally be- 
yond the confines of the apex. This cap also 
should vary from day to day, in contrast to 
the simple postinflammatory cap. My very 
few efforts in the morgue to reproduce this 
injury with simulated hematoma from per- 
cutar.eously injected saline into the base of 
the neck have failed. 

c. Migration of morbid fluid contents 
from the mediastinum into the connective 
tissue of the neck may depress the apex 
and dissect between rib and parietal pleura, 
just as cervical hematoma, and may form 
a similzr apical cap. The commonest cause 
for such a process is rupture of the aorta, 
and the presence of a changing apical cap 
gives firm support to the radiologic diag- 
nosis in the proper clinical setting. 

6. A severe injury to the neck with avul- 
sion of lower cervical nerve roots may pro- 
duce an apical cap formed by an extra- 
pleural pseudomeningocele, with free flow 
of pantopaque back and forth from the cap 
into the subarachnoid space." Or, cerebro- 
spinal fluid from a traumatic fistula be- 
tween -he dorsal spine and the mediastinum 


7 Epstein, B. S., and Epstein, J. A. Extrapleural intrathoracic 
apical traumatic pseudomeningocele. Am. J. RoentGENOL., RAD. 
Tuerapy & NucLEAR MED., 1974, 720, 887-892. 
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may migrate cephalad to produce an 
apical cap.? 

7. Migrations of cervical phlezmons 
caudad, and of mediastinal phlezmons 
cephalad, both producing an apical cap, 
are theoretical possibilities. 

8. The right apex abutting on the right 
wall of the esophagus (with air in the 
esophageal lumen) forms the escphago- 
pleural stripe. Effacement of this inter- 
face means interposition of soft tissus, and 
produces a medial apical cap. Such inter- 
posed tissue is commonly pulmona-y and 
pleural scar, but I have encountered it 
malignant. The left apex abutting on the 
left wall of the esophagus is too inccnstant 
to be of much diagnostic worth. 

9. Loss or thickening of the interface 
between right apex and right wall of the 
trachea requires explanation. The com- 
monest cause for such change is interposed 
lymph nodes, benign or malignant, but 
make sure the thickening is not due to in- 
trinsic disease of the trachea, such as de- 
generative, inflammatory or neoolastic 
states. I have encountered such intrinsic 
thickening even in heart failure. The in- 
constant presence of an interface between 
left apex and left wall of the trachea dimin- 
Ishes the importance of its loss. 

10. Both apices approximate behind the 
esophagus somewhat to the left of the mid- 
line, such approximation forming the pos- 
terior mediastinal line,!° which is com posed 
of the two pleural coverings of each apex 
and of the connective tissue of the inter- 
posed mediastinum. Do not confuse this 


5ZiLKHA, R., Reiss, J., Scoutman, K., and ScrrcurERm, 
M. M. Traumatic subarachnoid-mediastinal fistula. 5. Neuro- 
SUTE., 1970, 32, 473-475. ] 

° Cimmino, C. V. Further notes on esophageal-pleural stripe. 
Radiology, 1961, 77, 974-978. 

10 Cimmino, C. V., and SNEAD, L. O., Jr. Posterior mediastinal 
line on chest roentgenograms. Radiology, 1965, 84, 516-518. 
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line wita the left wall of the trachea. The 
commor est cause for permanent thickening 
of this | ne is postinflammatory thickening 
of each or of one apical pleural cap medi- 
ally. I nave seen this line so thick in a 
patient with congestive failure as to merit 
the designation of stripe, rather than Zine, 
only to revert to its linear status after re- 
lief of the heart failure: such thickening is 
due to edematous pleurae and pleural 
fluid, just as occurs in the more radiologi- 
cally accessible pleurae in the bases. 

II. Tumors may cause an apical cap. I 
prefer not to use the term superior sulcus 
tumor because the sulcus (pleural space) 
may not be involved, nor to use the term 
Pancoas- tumor since this term has clinical 
and pathologic connotations which indeed 
may be absent. Bilateral caps do not ex- 
clude tumor; unilateral caps do not in- 
variably indicate tumor. Tumors may be 
benign o7 malignant, primary or secondary, 
arise in the rib, lung, in either pleura, or 
extra-pleurally. Exclusion of tumor must 
be implicit in any diagnosis of postinflam- 
matory apical cap. 

In sum mary, much information is tucked 
away into that little volume of apex. Nor- 
mal and abnormal mechanisms can pro- 
duce the apical cap. Some of these mecha- 
nisms are suggested by the clinical picture 
and by tae radiologic findings elsewhere in 
the lungs. Other mechanisms require angi- 
ography and other standard clinical and 
laboratory tests for elucidation. Postin- 
flammatcry scar tissue is the commonest 
cause, but implicit in this diagnosis is the 
exclusion of tumor. 


CunisTiAN V. Cimmino, M.D., F.F.R. 


Medical Ccllege of Virginia 
1701 Fall Fill Avenue 
Fredericksburg, Virginia 22401 
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THE SCIENTIFIC EXHIBITS 








HE SCIENTIFIC EXHIBITS of the 

Seventy-fifth Annual Meeting of the 
American Roentgen Ray Society, held at 
the San Francisco Hilton Hotel, San 
Francisco, California, September 24-27, 
1974, were numerically by far the largest 
in the Society's history ; qualitatively, they 
were of beautiful visual display, and docu- 
mentatively of the greatest scientific con- 
tributions. 

In recognition of the over-all excellence, 
the Committee on Awards has presented 
one Gold Award, one Silver Award, one 
Bronze Award and 23 Certificates of Merit. 

The following is a detailed account of 


the Exhibits.* 


GoLD AWARD 


On the Pathogenesis of Abnormal Model- 
ing of Bone. Joseph P. Whalen, M.D., 
Lennart Krook, DVM, and Eladio A. 
Nunez, Ph.D., The New York Hospital, 
Cornell Medical Center, New York, New 
York. 

A re-evaluation of normal developing 
human bone was presented and how altera- 
tion of this process is reflected in their 
roentgenographic appearance. Both ex- 
perimental and clinical material was shown 
to elucidate the pathogenesis and possible 
humoral (parathormine, calcitonin) effect 
on these processes. Manipulative experi- 
ments carried out in the Exhibitor's labora- 
tory have demonstrated the effect of Ca 
diets (high and low), calcitonin and para- 
thormine on bone modeling. These have 
resulted in modeling errors as detected 
roentgenographically and histologically, and 
at the ultrastructural level. 


* Editor's note. The assembly by Dr. James Franklin Martin, 
Chairman of the Committee on Scientific Exhibits, and his able 
committee of this magnificent array of exhibits is a fitting tribute 
to the Diamond Anniversary of the Society; their descriptive 
abstracts were prepared especially and are published in extenso 
to illustrate the tremendous progress made in the science of 
radiology. 


SILVER AWARD 


The Aortic Arch and Its Pleural Reflec- 
tions; Their Relationship to Mediastinal 
Fat. Edward J. Lane, M.D., E. R. Heitz- 
man, M.D., and David B. Hammack, 
M.D., State University of New York, Up- 
state Medical Center, Syracuse, New York. 

The pleural reflections of the aorta, out- 
lined by contiguous aerated lung, predicate 
the roeatgenographic appearance of the 
left side of the mediastinum. Mediastinal 
fat is visualized frequently, causing these 
reflections to appear commonly as lines 
rather than lung-mediastinal interfaces. 

This exhibit presented a correlated 
roentgen-anatomic study of these reflec- 
tions ard emphasized their appearance in 
the “aortic-pulmonic window" and over 
the left paraspinal fat. Reflections over 
the left subclavian artery and the left 
superior intercostal vein were shown as 
were those which produce the anterior 
junction line and the aorticopulmonary 
line. Alterations produced by lymphade- 
nopathy, mediastinal tumors, vascular ab- 
normalities and paraspinal disease were 
demonstrated. 


BRONZE AWARD 


The Emi-Scan, A New Dimension. 
R. Ethier, M.D., W. Feindel, M.D., 
D. Meanson, M.D., G. Belanger, M.D., 
D. Galloway, M.D., S. Taylor, M.D., and 
C. Chiu, M.D., Montreal Neurological In- 
stitute, Montreal, Quebec, Canada. 

A variety of cerebral lesions were dem- 
onstrated using this new technique. Also 
the importance of a rapid infusion of large 
quantities of opaque medium was stressed. 

In many patients, this new technique 
will alleviate the need for either pneumo- 
encephalography or carotid angiography. 
The acthors anticipate a complete change 
in the diagnosis and treatment of cerebral 
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diseases with this new diagnostic ap- 
proach. 


CERTIFICATES OF MERIT 


Mediastinal Neuroblastomas and Ganglio- 
neuromas. Jacob Bar-Ziv, M.D., and M. 
Bernadette Nogrady, M.D., Department 
of Radiology, The Montreal Children's 
Hospital, Montreal, Quebec, Canada. 

Selected cases of primary and secondary 
mediastinal neuroblastomas were displayed 
to compare and contrast the roentgenologic 
findings. Widening of the intercostal space 
and rib erosions are the most characteristic 
findings in primary tumors. The intra- 
thoracic soft tissue mass may not be read- 
ily recognizable. The rib changes disappear 
subsequent to therapy. Neurologic deficit 
may be minimal or absent even when com- 
plete block is evident by myelography. 
The secondary tumors are not associated 
with the above described rib changes. 

In conclusion, the roentgenologic evi- 
dence of rib abnormalities adjacent to these 
mediastinal masses is practically patho- 
gnomonic for primary tumors. 

Cervical Spine Tomography in Trauma. 
Eugene F. Binet, M.D., Joseph J. Moro, 
R.T., John P. Marangola, M.D. and 
Charles J. Hodge, Jr., M.D., Departments 
of Radiology and Neurosurgery, Upstate 
Medical Center, Syracuse, New York. 

Cervical spine tomography for trauma 
was performed in 136 patients at the Up- 
state Medical Center between the years 
1965-1973. In approximately £o per cent 
of the patients examined, the tomcgrams 
yielded significant information not present 
or not appreciated on the plain cervical 
spine roentgenograms. The tomcgrams 
altered the patient's management in "e 
per cent of the cases. 

The normal tomographic anatomy of the 
cervical spine was demonstrated. Exemples 
of odontoid fractures, spurious odontoid 
fractures, subluxations, facet fractures, 
congenital anomalies and miscellaneous 
lesions diagnosed on tomography were 
shown. The indications for cervical spine 
tomography in trauma were given. 
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Roentgen Diagnosis of Hilar Lymph- 
adenopathy. C. H. Joseph Chang, M.D., 
University of Kansas Medical Center, 
Kansas City, Kansas. 

The roentgen anatomy of hilar lymph 
nodes was presented and a rather typical 
distribution of hilar lymph nodes on the 
chest roentgenogram was identified. Roent- 
genographic techniques were also dis- 
cussed. 

A characteristic roentgen appearance of 
hilar lymphadenopathy was described and 
its differential diagnosis briefly discussed. 
The “Ripple Doughnut” sign is the char- 
acteristic roentgen finding of hilar lymph- 
adenopathy. As indicated in this presenta- 
tion, it appears that the diagnosis of hilar 
lymphadenopathy is best made with lateral 
body section roentgenograms. 

Coronary Angiographic and Scintigraphic 
Findings in Experimental Cardiac Con. 
tusion. Ching L. Chiu, M.D., Raymundo 
Go, M.D., Donald Doty, M.D., James D. 
Roelofs, M.D., Kenneth Bell, M.D., and 
James H. Christie, M.D., Departments of 
Radiology and Surgery, University of 
Iowa Hospitals and Clinic, Iowa City, 
Iowa. 

An isolated myocardial injury was pro- 
duced using the impact of a captive-bolt 
handgun to the intact chest wall of dogs. 
Scanning with stannous 99m poly phos- 
phate and tissue distribution studies 
showed good localization of the radio- 
pharmaceutical in the injured myocardium 
(normal:injured ratio up to 1:14) up to 72 
hours after injury. Postmortem angiog- 
raphy demonstrated sequential coronary 
vascular changes at 24 hours, 72 hours, and 
I week post trauma. 

Computerized Axial Tomography of the 
Cerebral Ventricles and Subarachnoid 
Spaces. Steven H. Cornell, M.D., James 
H. Christie, M.D., Ching L. Chiu, M.D., 
and Lynn W. Lyon, M.D., University of 
Iowa Hospitals, Iowa City, Iowa. 

The cerebral ventricles and subarachnoid 
spaces are particularly well shown by EMI 
scanning. From the scans of more than 500 
persons the following conditions were il- 
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lustrated: 1. normal structures; 2. hydro- 
cephalus of varying etiology; 3. cerebral 
atrophy; 4. porencephaly; 5. ventricular 
displacement, distortion or compression 
secondary to intracranial mass lesions; 6. 
congenital anomalies; 7. subdural hema- 
toma; 8. shunt failure; and 9. postoperative 
changes after shunting procedures. 

Thin Section Roentgenography of the 
Temporal Bone. John T. Eyre, M.D., Cin- 
cinnati General Hospital, University of 
Cincinnati, Cincinnati, Ohio. 

A review of the entire subject of tem- 
poral bone tomography was presented. 
There were sections on normal anatomy, 
with a three dimensional model for orienta- 
tion, congenital anomalies, infection, chol- 
esteatoma, neoplasm, trauma, and oto- 
dystrophies. There were representative 
cases of each major disease entity. 

Rickets; Differential Diagnosis. Norma 
E. Fallis Harris, M.D., Helene M. Tanous, 
M.D., and Edward B. Singleton, M.D., 
Baylor College of Medicine, Houston, 
Texas. 

Various entities that give  rachitic 
changes in the bones were presented, in 
addition to the vitamin D deficient rickets. 
Differentiating features were stressed in 
each instance—roentgenologic, clinical and 
biochemical. 

Also included were several conditions 
that have caused some confusion 1n differ- 
ential diagnosis, such as biliary rickets, 
glomerular rickets, Blount's disease, hypo- 
phosphatasia, coxa vara, and metaphyseal 
dysostosis. Emphasis was on the conditions 
where recognition and treatment might be 
curative or palliative and where vitamin 
D would not affect the course of the dis- 
ease and might even be toxic. 

Cardiac Tumors of Infancy and Child- 
hood: Clinical and Roentgenographic Mani- 
festations. Edmund A. Franken, Jr., M.D., 
John A. Smith, M.D., and Roger A. Hur- 
witz, M.D., Indiana University Medical 
Center, Indianapolis, Indiana. 

Cardiac tumors affecting children are of 
varied types and locations and differ in 
clinical and roentgenographic features. 
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Because surgical therapy may be curative, 
recognition and delineation of these tumors 
is critical 

In this exhibit the various tumors af- 
fecting the heart were classified and dis- 
cussed or. the basis of their hemodynamic 
effects. Selective obstruction of great veins, 
right hea-t, pulmonary arteries, pulmonary 
veins, and left heart were illustrated, and 
some of the unique plain film and angio- 
graphic characteristics of cardiac tumors 
were identified. The roentgen findings 
were correlated with the clinical picture in 
the illust-ated cases. 

Roentgen Evaluation of the Post-Pneu- 
monectomy Chest: Normal and Abnormal 
Findings. Robert E. Hanson, M.D., Rein- 
hard Kloiber, M.D., Richard R. Lespér- 
ance, M.D., and Darrill D. Munro, M.D., 
Department of Diagnostic Radiology, 
Royal V:ctoria Hospital, the Departments 
of Radiclogy and Surgery, the Montreal 
Chest Hospital Centre and McGill Uni- 
versity, Montreal, Quebec, Canada. 

Chest roentgenography plays an impor- 
tant role in the immediate and late post- 
operative assessment of pneumonectomy 
patients. 

The sequence of events that occurs in 
obliterating the pleural space following 
pneumonectomy was evaluated on serial 
roentgenograms. By reviewing a large se- 
ries of clinical cases, a definite pattern of the 
normal postoperative changes was recog- 
nized and formed the basis of this presenta- 
tion. 

Thoroagh familiarity with this pattern 
is essential since deviation from it may 
provide the earliest clue to serious compli- 
cations such as bronchopleural fistula and 
empyema. The exhibit presented a number 
of examples illustrating both the normal 
and abrormal roentgen features of this 
study. 

Retropharyngeal Tendinitis. Cosmo L. 
Haun, M.D., Emory University, Atlanta, 
Georgia. 

Acute inflammation with calcareous de- 
posits in the longus colli tendons is a rare 
entity w:th a very characteristic roentgeno- 
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graphic pattern and clinical presentation. 
Roentgenographic findings in the acute 
phase with follow-up to resorption of the 
calcium were demonstrated. The similarity 
to calcific tendinitis in the shoulder was 
emphasized. Examples of calcific tendinitis 
in other less common locations were also 
included in this exhibit. 

Compensatory Mechanisms in Communi- 
cating Hydrocephalus. A. Everette James, 
Jr., M.D., William J. Flor, Ph.D., Timothy 
Merz, Ph.D., Donald L. Price, M.D., 
Barry Burns, Ph.D., and Melvin Epstein, 
M.D., The Johns Hopkins Hospital, Balti- 
more, Maryland. 

Communicating hydrocephalus appears 
to progress rapidly in the early phases until 
compensatory mechanisms resist further 
ventricular enlargement. Compensation 
probably occurs by either diminished cere- 
brospinal fluid (CSF) production or absorp- 
tion by alternative pathways. 

After creation of communicating hydro- 
cephalus in dogs by subarachnoid injection 
of silastic, cisternograms, ventriculograms 
and CSF pressure measurements were 
made. Serial microscopic and ultrastruc- 
tural studies were obtained. Autoradio- 
graphs were used to image transependymal 
macromolecular movement. CSF produc- 
tion was monitored by ventriculo-cisternal 
perfusion studies and measurement of the 
metabolic activity of the choroid plexus by 
the ampulla microdiver technique. 

These data support the concept that the 
major compensation is not due to changes 
in CSF production, but to alterations in 
absorption. Cisternograms, photographs, 
autoradiographs, graphs and drawings illus- 
trated these techniques and findings. 

Infusion Tomography of the Female 
Pelvis. Leon Love, M.D., Myron Melamed, 
M.D., Richard A. Cooper, M.D., Rogelio 
Moncada, M.D., and Harold Schwartz, 
M.D., Loyola University of Chicago Med- 
ical Center, Stritch School of Medicine, 
Maywood, Illinois. 

Total body opacification has recently 
been described in the evaluation of the 
gallbladder, adrenal cysts, fibroids, ovarian 
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cysts and other entities. When coupled 
with tomography, total body opacification 
can be used to evaluate the female pelvis. 
This is a simple modification of the intra- 
venous pyelography that is frequently 
ordered prior to gynecologic surgery. 

The method of this procedure as well as 
several examples were presented. Also, the 
history and physiology of total body opaci- 
fication were briefly discussed. 

The Roentgenologic Findings in Henoch- 
Schoenlein Purpura. Roderick Ian Mac- 
pherson, M.D., Children’s Hospital of 
Winnipeg, Winnipeg, Manitoba, Canada. 

Henoch-Schoenlein purpura is a well- 
known clinical syndrome in which non- 
thrombocytopenic purpura is associated 
with arthralgia, abdominal pain and ab- 
normalities of the urinary sediment. In 
most cases, it is a benign, self-limiting dis- 
ease, rarely concerning the radiologist. 
Occasionally, gastrointestinal, urinary and 
pulmorary complications may occur and 
roentgenologic investigations will be re- 
questec. 

This exhibit presented a study of 9o con- 
secutive children with Henoch-Schoenlein 
purpura. The roentgenologic findings in the 
gastrointestinal tract, urinary tract and 
chest were demonstrated. 

The most common and most spectacular 
lesions are those found in the small bowel. 
Here, areas of mucosal and/or submucosal 
hemorrhage and edema produce character- 
istic filing defects, which may cause tran- 
sient bowel obstructions or lead to intus- 
susceptions. These lesions could develop 
before the rash or joint symptoms and 
their roentgenologic demonstration could 
prove instrumental in avoiding unneces- 
sary surgery. 

Tracts in Granulomatous Colitis and 
Diverticulitis. Richard H. Marshak, M.D., 
Rubem Pochaczevsky, M.D., Jerold Kurz- 
ban, M.D., and Daniel Maklansky, M.D., 
Mt. Sinai School of Medicine, New York, 
New York. 

The Exhibitors previously reported 10 
cases o* granulomatous colitis in associa- 
tion with diverticula and described what 
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was considered to be a pathognomonic 
roentgen finding, consisting of a fistulous 
tract parallel to a thickened bowel wall, 
usually exceeding 10 cm. in length. Since 
that time they have accumulated approxi- 
mately 75 cases with this type of tract. 
Eight of these cases were proven to be 
diverticulitis and, therefore, the Exhibitors 
must amend their previous concept. 

The differential diagnosis is aided in 
granulomatous disease by thickened folds, 
ulceration of the mucosa, and other roent- 
gen findings of Crohn's disease of the 
colon. Characteristic cases demonstrating 
the 2 entities were presented and it is the 
Exhibitors’ conclusion that a long intra- 
mural tract is still a highly reliable sign 
in granulomatous colitis. 

The Nonopacified Gallbladder: Incidence, 
Causes, Significance, and Fate. Zuheir 
Mujahed, M.D., Joseph P. Whalen, M.D., 
and John A. Evans, M.D., The New York 
Hospital, Cornell Medical Center, New 
York, New York. 

The authors reviewed 5,000 oral chole- 
cystographies performed in the last 3 years 
to determine the incidence, causes and sig- 
nificance of nonopacification of the gall- 
bladder. The value of a third or a fourth 
repeat study, as well as the contribution of 
intravenous cholangiography to the diag- 
noses of gallbladder diseases were also 
examined. The study led to the following 
conclusions: 

As much as 25 per cent of patients re- 
quire a second dose; therefore, the examina- 
tion is not complete unless the gallbladder 
is adequately opacified or a second con- 
secutive dose has been given. 

Nonopacification of the gallbladder on 
2 consecutive oral cholecystographies indi- 
cates obstructive gallbladder disease or 
chronic cholecystitis. Intravenous chol- 
angiography could differentiate between 
these 2 conditions by virtue of the fact that 
it does not depend on the concentrating 
ability of the gallbladder for opacification. 
It will fill the gallbladder in chronic 
cholecystitis, but not in obstructive disease. 

Oral cholecystography is more reliable 
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than intravenous cholangiography in the 
investigation of disease of the gallbladder, 
since a chronically inflamed gallbladder 
which has lost its concentrating ability will 
fill and appear roentgenographically normal 
on the int-avenous study. 

Intravenous cholangiography is indi- 
cated in the investigation of diseases of the 
gallbladder only when the oral study is im- 
practical, as in acute emergencies. 

Lesions Involving the Gasserian Ganglion 
and Trigeminal Nerve. Enrique Palacios, 
M.D., Bearooz Azar-Kia, M.D., and Albert 
V. Messiaa, M.D., Loyola University of 
Chicago, Maywood, Illinois and The New 
York Hospital, Cornell University Medical 
College, New York, New York. 

Roentgenography may disclose the 
causes of “trigeminal neuralgia.” The nor- 
mal anatomic features of the gasserian 
ganglion and trigeminal nerve were pre- 
sented, along with multiple cases of lesions 
involving the gasserian ganglion and tri- 
geminal nerve producing symptoms mim- 
icking trigeminal neuralgia. 

The importance of using modern roent- 
genograpaic techniques, such as plain 
film roentgenography, tomography, angiog- 
raphy, pneumography, and the new break- 
through in Computerized Axial Tomog- 
raphy wi-h the EMI scanner was stressed. 

The Cranial Arachnoid Granulation. D. 
Gordon Potts, M.D., Daniel G. Gomez, 
Ph.D., Gerald F. Abbott, M.D., and 
Joseph F. Sackett, M.D., Cornell Uni- 
versity Medical College, New York, New 
York. 

The arachnoid granulations are complex 
protrusions of arachnoid cells through 
small dural defects into the superior sagit- 
tal sinus, lacunae laterales or adjacent 
veins. The stroma of the granulation is 
formed by arachnoid cells and the granula- 
tion is covered by endothelium continuous 
with that lining the vein. The granulation 
is traversed by multiple endothelial-lined 
tubules taat open at its surface. The sheep 
has arac- noid granulations that are similar 
to those n man. 

This exhibit displayed some of the roent- 
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genologic, physiologic, structural and ultra- 
structural studies of the granulc ions in 
sheep and in man. 

Roentgenographic-Pathologic | Cczrelation 
of Wrist Involvement in Rheumatoia Arthrt- 
tis. Donald Resnick, M.D., Veterans Ad- 
ministration Hospital, San Diege, Cali- 
fornia. 

Analysis of wrist alterations in rheuma- 
toid arthritis was undertaken to demon- 
strate particular roentgenographie-patho- 
logic correlations. 

The material included wrist roentgeno- 
grams of 100 rheumatoid patients, wrist 
arthrograms in 40 rheumatoid -atients, 
pathologic sections of entire wrist jeint in 6 
rheumatoid cadavers, and anatomic sec- 
tions of 20 wrists. 

Specific abnormalities in the prestyloid 
recess of the radiocarpal cavity, volzr radial 
recesses, inferior radio-ulnar joint, and ex- 
tensor carpi ulnaris tendon sheath pro- 
duced characteristic roentgen alterations. 
Pisiform-triquetral cavity involvement is 
also distinctive. Peculiar patterns of bone 
fragmentation were noted and apparently 
explained by dynamic alterations in the 
rheumatoid wrist. 

Painful Total Hip Prosthesis: Roentgeno- 
logic Evaluation. Wallace M. Roy, M.D., 
and Michael Tam, M.D., St. Joseph’s Hos- 
pital, Toronto, Ontario, Canada. 

Ten per cent of patients with total hip 
prosthesis might ultimately develep com- 
plications. This exhibit demonstrated the 
following features of painful hip presthesis: 
loosening of prosthesis in both acetabular 
and femoral components; loosering of 
acrylic cement from the bony soczet and 
unstable position of cement pluzs; mal- 
alignment of prosthesis such as femoral tip 
protruding outside cementation or per- 
forating bony cortex; and malangulation 
of plastic socket. 

Displayed also were the many roentgeno- 
graphic manifestations associated with in- 
flammation developing in total hip re- 
placement. These were: thickened synovial 
membrane; enhanced lymphatic drainage; 
hypervascularity; abscesses in sof tissue 
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and in bone; fistula formation; and chronic 
osteomyelitis. 

Post-traumatic complications included 
femoral shaft fracture distal to prosthesis, 
subluxation and dislocation of prosthesis. 
Other causes of painful hip also shown 
were periarticular hypertrophic ossification 
and loose bodies in joint space. 

The need of hip arthrography with posi- 
tive contrast material to demonstrate 
many of these abnormalities was also em- 
phasized. 

The Roentgenology of Systemic Lupus 
Erythematosus: a New Evaluation. Lor- 
raine Goldine Shapeero, M.D., and Wallace 
T. Miller, M.D., Hospital of the University 
of Pennsylvania, Philadelphia, Pennsyl- 
vania. 

Systemic lupus erythematosus has multi- 
systemic manifestations and can masquer- 
ade as numerous clinical entities. In an 
analysis of 141 patients with systemic 
lupus seen at the Hospital of the University 
of Pennsylvania, an organized approach 
toward the roentgenologic diagnosis of this 
disease has been developed. 

This evaluation and its correlation with 
the clinical manifestations were presented 
and discussed. 

The Navicular Fat Stripe: a Useful 
Roentgen Feature for Evaluating Wrist 
Trauma. Daniel W. Terry, Jr., M.D., and 
James E. Ramin, M.D., The Medical Col- 
lege of Wisconsin, Milwaukee, Wisconsin. 

Diagnosis of navicular fracture remains 
a challenge for the radiologist. The navicu- 
lar fat stripe (NFS), a lucent line adjacent 
to the lateral border of the navicular bone, 
is a useful roentgen feature in diagnosing 
wrist trauma. 

On roentgenograms of 400 normal wrists 
examined in our emergency department, 
96 per cent showed an identifiable, non- 
displaced NFS. In contrast, the NFS was 
absent or significantly displaced in 28 of 32 
fractures involving the bones of the radial 
side of the wrist. A positive NFS sign was 
present in 13 of 15 navicular fractures. 

Localization of Orbital Lesions by Venog- 
raphy. Jacqueline Vignaud, M.D., Claude 
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Clay, M.D., and Larissa Bilaniuk, M.D., 
Fondation Ophtalmologique Rothschild, 
Paris, France, Hótel Dieu, Paris, France, 
and University of Pennsylvania, Phila- 
delphia, Pennsylvania. 

High accuracy (95 per cent) in localiza- 
tion of orbital lesions was illustrated by 
cases selected from 480 venographies per- 
formed at Fondation Ophtalmologique 
Rothschild in Paris. Characteristic dis- 
placements were shown on roentgenograms 
and explanatory diagrams. 

B-Scan Ultrasound Evaluation of the 
Pancreas. William J. Walls, M.D., Giomar 
Gonzalez, M.D., Norman L. Martin, M.D., 
and Arch W. Templeton, M.D., University 
of Kansas Medical Center, Kansas City, 
Kansas. 

Ninety-four patients examined by B- 
scan ultrasound for suspected pancreatic 
disease had a proven final diagnosis. The 
diagnostic accuracy of ultrasound, upper 
gastrointestinal series, isotope pancrea- 
tography, and arteriography was deter- 
mined and compared in these patients. 
Pancreatic sonography provided the most 
accurate (84 per cent) and least expensive 
method for evaluating the pancreas with 
no known patient morbidity. The upper 
gastrointestinal series and isotope study 
were complementary to sonography. Ar- 
teriography was then useful in selected 
cases. 

The diagnostic ultrasound features of 
pancreatic neoplasm, pancreatitis and pan- 
creatic pseudocyst were described and il- 
lustrated. Ultrasound should be the initial 
examination for the evaluation of patients 
with suspected pancreatic disease. 


OTHER ExcrELLENT ExuisBits WERE: 


The Specificity of Renal Vein Thrombosis. 
Peter H. Arger, M.D., Charles Mulhern, 
M.D., Wallace T. Miller, M.D., and Arnold 
Chait, M.D., Hospital of the University of 
Pennsylvania, Philadelphia, Pennsylvania. 

The clinical aspect of adult renal vein 
thrombosis has previously been described 
as nonspecific. Also, the intravenous pyelo- 


The Scientific Exhibrts 


DECEMBER, I974 


graphic changes have been characterized 
as a nonspecific spectrum. 

There are 4 fundamental causes of renal 
vein thrombosis: (1) thrombosis of inferior 
vena cava and the renal vein secondary to 
extension of thrombi from pelvic and leg 
veins; (2) tumor compression or invasion 
of the inferior vena cava and renal veins; 
(3) thrombosis of renal veins secondary 
to primary renal disease; and (4) primary 
renal ve n thrombosis. Except in the infant, 
primary renal vein thrombosis is rare. 

The clinical and roentgenographic find- 
ings in rer al vein thrombosis are dependent 
upon the completeness of occlusion of the 
renal ver» or veins and the rapidity of de- 
velopment of collateral venous drainage. 

If complete occlusion of the renal vein 
occurs zcately with little chance for col- 
lateral venous drainage. to develop, the 
affected kidney enlarges with consequent 
severe back pain, hematuria, proteinuria 
and oliguria. Renal failure and death gen- 
erally occar if the condition is bilateral. If 
the occ usion is gradual or partial, col- 
lateral venous drainage will develop, allow- 
ing some preservation of renal function. In 
this most common situation, nephrotic 
syndrome generally develops. 

Subtleties of the Knee. Richard Arkless, 
M.D., Portland Adventist Hospital, St. 
Vincent Hospital, Portland, Oregon. 

Using arthrography, observations of 
unusual normal variations and interesting 
pathoses were made. These included septa- 
tions and divisions of the suprapatellar 
pouch ard loose and attached masses 
therein; the normal filling of tiny (occa- 
sionally large) draining veins around the 
knee; re-mal structures confused with 
meniscus tears; and how to avoid false 
positive znd false negative diagnoses of 
meniscus injuries. 

Subeperndymal Veins: Normal and Ab- 
normal. Behrooz Azar-Kia, M.D., En- 
rique Palacios, M.D., Mohammad Sarwar, 
M.D., and Mannie M. Schechter, M.D., 
Loyola University of Chicago, Chicago, 
Illinois, and Albert Einstein College of 
Medicinz, Bronx, New York. 
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The arterial phase of angiography may 
not always show definite diagnostic find- 
ings in cases of intraventricular or para- 
ventricular lesions. Pneumography for the 
most part will demonstrate the loczlization 
of these lesions. However, changes in the 
subependymal veins may provide impor- 
tant diagnostic angiographic information in 
the presence of intraventricular or ad- 
jacent lesions of the lateral ventricles. The 
angiographic venous phase may demon- 
strate the following diagnostic findings in 
the subependymal veins: early filling, en- 
largement and multiplicity, spreading and 
distortion. Examples of these findirgs were 
shown in cases of intraventricular and 
paraventricular lesions. 

Vascular Malformations of the Cecum. 
Jeanne Willner Baer, M.D., and Stephen 
Ryan, M.D., St. Luke’s Hospital Center, 
New York, New York. 

Fifty postmortem and surgically extir- 
pated cecums were examined angiograph- 
ically and microscopically in a search for 
vascular malformations and in carder to 
define the normal vascular patte-n. The 
findings were compared with the appear- 
ance of 2 surgically proved cases o^ vascu- 
lar malformations of the cecum, 1 non- 
specific cecal ulcer, and bleeding diverticula 
of the cecum. 

Lordotic Projections for Improved Visual- 
ization of the Left Coronary Artery and Its 
Branches. Harold A. Baltaxe, M.D., and 
Thomas A. Sos, M.D., The New York 
Hospital-Cornell University Medical Cen- 
ter, New York, New York. 

A new roentgenographic technique for 
the visualization of the left coronary artery 
and its branches was described. It consists 
of a lordotic right anterior and left anterior 
oblique projection. The left coronary artery 
Is roentgenographed with the horizontal 
beam against the lateral changer, the tubes 
being angulated towards the head of the 
patient. 

This projection allowed the Exhibitors 
to demonstrate lesions of the proximal left 
anterior descending coronary artery and 
of the diagonal branches which otherwise 
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would have been hidden. The roentgeno- 
graphic technique was described and multi- 
ple exemples of lesions were shown to dem- 
onstra-e the value of the technique. 

The Pulmonary Varix. Bruce R. Baum- 
gartner, M.D., Stewart R. Roberts, Jr., 
M.D., J. Luther Clements, Jr., M.D., and 
H. Stephens Weens, M.D., Emory Uni- 
versity Affiliated Hospitals, Atlanta, 
Georgia. 

The pulmonary varix is a localized en- 
largement of a pulmonary vein. It is an un- 
common entity, usually of no clinical con- 
cern, which may be a complication of pul- 
monary venous hypertension or may repre- 
sent an isolated finding. It may present as 
a pulmonary nodule which must be differ- 
entiated from other pulmonary mass le- 
sions. 

The exhibit illustrated 3 patients with 
rheumatic mitral valvular disease and pul- 
monary varix. Chest roentgenograms, fluo- 
roscopy, tomography and venous phase 
angiography demonstrated the typical 
roentg2nographic findings. 

Immunologic Basis of Hypersensitivity 
Diseases of the Lung. Yahya M. Berkmen, 
M.D., New York Medical College, Metro- 
politan Hospital Center, New York, New 
York. 

The Exhibit emphasized known facts 
about humoral and cell-mediated immu- 
nity. Importance of the thymus and lym- 
phatic-reticuloendothelial system in im- 
munology was stressed. Four types of aller- 
gic responses (Type I—IgE mediated; 
Type II—cytotoxic tissue-specific; Type 
III—immune complexes; Type IV—de- 
layed hypersensitivity) were described and 
examp.es of each were given. 

Ten examples were illustrated with case 
reports. 

Chest Roentgenography as a Window to the 
Diagnesis of Takayasu’s Arteritis. Yahya 
M. Berkmen, M.D., and Adam Lande, 
M.D., New York Medical College, Metro- 
politar Hospital Center, New York, New 
York. 

This Exhibit presented plain chest roent- 
genographic findings in Takayasu’s arteri- 
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tis, based on the study of 25 cases. Clinical 
angiographic correlation and examples of 
changes seen in the aorta, central and 
peripheral pulmonary arteries were demon- 
strated. The importance of awareness of 
the radiologist, who commonly is con- 
fronted with specific clinical manifestations 
and chest roentgenograms, in making or 
suggesting the diagnosis was stressed. 

Shoulder Arthrography Technique: Diag- 
nostic Value and Pitfalls. Edward I. Bluth, 
M.D., Bong S. Lee, M.D., Larissa T. 
Bilaniuk, M.D., Wallace T. Miller, M.D., 
and Won Sik Cynn, M.D., Hospital of the 
University of Pennsylvania, Philadelphia, 
Pennsylvania. 

The valuable role that shoulder arthrog- 
raphy can play in evaluating shoulder 
pain was demonstrated. Normal anatomy 
was described and illustrated. The tech- 
nique of the examination was explained 
and diagnostic pitfalls were discussed. 
Pathologic examples, including biceps 
tendon ruptures, and rotation cuff tears, 
were presented. The roentgenograms were 
accompanied by explanatory diagrams. 

Atypical Teratomas of the Central Nervous 
System. R. N. Bryan, M.D., M. B. Camins, 
M.D., L. E. Swischuck, M.D., and R. L. 
Waldron, II, M.D., Neurological Institute 
of New York, New York, New York. 

Atypical teratomas of the central ner- 
vous system often have a distinctive clin- 
ical and roentgenographic presentation. 
These tumors most frequently occur in the 
pineal region (accounting for more than £o 
per cent of "pinealomas"), but are also 
found in the suprasellar region. Occasion- 
ally, patients present with separate lesions 
in both locations, in which case there is a 
unique roentgenographic picture. These 
tumors are also prone to metastasize else- 
where within the neural axis. 

A review of these tumor cases in the Ex- 
hibitors' institutions included more than 
60 tumors of the pineal region (not all his- 
tologically verified as atypical teratomas), 
I4 suprasellar tumors, and 7 multifocal 
midline lesions. The Exhibit demonstrated 
the typical plain film roentgenographic, 
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angiographic, and ventriculographic find- 
ings of these tumors plus some unusual 
examples including metastasis. 

Xeromammography: Comparison of 
Molybdenum and Tungsten Target Images. 
Thomas Carlile, M.D., Barbara Brookins, 
R.T., Willis J. Taylor, M.D., McClure H. 
Hall, M.D., and Kenneth D. Moores, 
M.D., The Mason Clinic, Virginia Mason 
Medical Center, Seattle, Washington. 

Images were made on the same patient 
with 2 identical x-ray units, except that 
a tungsten tube was in one and a molyb- 
denum tube in the other. Images were made 
on $0 patients with 3 techniques: 48 kv. 
molybdenum (Mo); 38 kv. Mo; and 38 kv. 
tungsten (W). The 48 kv. Mo images were 
rejected as lacking in detail and an addi- 
tional «o images were made with 38 kv. 
Mo anc 38 kv. W techniques. Selection by 
4 radio ogists of preferred technique as a 
blind procedure was as follows: 48 kv. 
Mo—1: per cent; 38 kv. Mo—35 per cent; 
38 kv. tungsten—So per cent. Doses were 
measured by TLD dosimeters and from air 
measurements with BSF and F corrections 
with good agreement. Average dose with 
tungsten equalled 6.0 rads (range 3.1-8.1); 
38 kv. Mo g.o1 rads (range 5.3-13.5); 48 
kv. Mo 4.4 rads (range 3.1-6.1). 

Altheugh the 48 kv. Mo image had the 
lowest dose, the detail was unacceptable. 
The 38 kv. Mo image and the 38 kv. W 
image were close in quality, but the 5o per 
cent lower dose and the moderately higher 
selection factor favored the tungsten image. 

Xerotemography of Pulmonary Paren- 
chymal Lesions. Richard L. Carnovale, 
M.D., John E. Martin, M.D., Bao-Shan 
Jing, M.D., and Thomas S. Harle, M.D., 
The University of Texas Medical School 
at Houston Affiliated Hospitals, Houston, 
Texas. 

Xeroradiography is recognized as a 
valuable diagnostic aid in the study of the 
breast because of its edge enhancement, 
wide reentgenographic latitude, detail, and 
demonstration of calcifications. Recently 
the Exhibitors have applied the technique 
of xerctomography in diagnostic evaluation 
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of pulmonary parenchymal lesions im hope 
of improving diagnostic specificity o^ plain 
film tomography. 

Xerotomograms were obtained at the 
level of most information determined from 
review of plain film tomograms. The corre- 
sponding xerotomogram and plam film 
tomogram were compared for degree of 
diagnostic information. 

The xeroradiographic plate was exposed 
at 120 kvp. at 200 to 300 mas. A linear 40° 
arc was utilized, obtaining a thin section. 
Patient exposure was approximately 7.5 r 
for a single xerotomographic exposure. 

After a review of their material, the Ex- 
hibitors’ preliminary conclusions suggest 
that a single xerotomographic image, be- 
cause of increased information, may super- 
sede conventional film tomographic study 
in some cases. 

Anatomic Variations of the Thoracic Duct 
and Mediastinal Lymph Nodes: Lyrzphan- 
giographic Study. Eung Man Cha, M.D., 
and Pakorn Sirijintakarn, M.D., Mount 
Sinai Hospital Medical Center, Chicago, 
Illinois. 

Anatomic details of the thoracic duct are 
not as yet clearly defined. The recent popu- 
larity of lymphangiography allowed the 
Exhibitors to investigate the thoracic duct 
on chest roentgenograms taken during the 
lymphangiographic procedure in 17¢ cases 
in the past 2 years. They found many varia- 
tions of the thoracic duct, such as duplica- 
tion, multiple channels, segmental plexus, 
or Y-shaped duct. The frequency of visual- 
ization of mediastinal lymph nodes was 
highly associated with the variations of the 
thoracic duct. The statistical study ef the 
variations of the thoracic duct and visual- 
ization of the mediastinal lymph nodes 
was collaborated. 

Roentgenologic postmortem studies were 
done to evaluate the thoracic duct, as well 
as microscopic studies of the thoracic duct 
and lymphatic valves. 

This Exhibit described the anatomic 
variation of the thoracic duct in relation to 
the visualization of the mediastinal |-mph 
nodes. 
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Roentgenologic Spectrum of Duodenal 
Diseases. HiKon Chon, M.D., Edward J. 
Petrella. M.D., and Larissa T. Bilaniuk, 
M.D., Hospital of the University of 
Pennsylvania, Philadelphia, Pennsylvania. 

A roentgenologic spectrum of diseases 
involvinz the duodenum was presented. 
Differential aspects of the various types of 
ulcers, masses, distortion of loop and gen- 
eral dilatation were pointed out. The im- 
portance of multiple roentgenography and 
sequence of examinations in differentiating 
such entities as pseudodiverticulum from a 
giant ulcer, or inflammation and hemor- 
rhage from scarring and neoplasm was 
illustrated. 

Sequential Brain Scanning as an Adjunc- 
tive Scanning Procedure. James H. Christie, 
M.D., Raymundo Go, M.D., Yutaka 
Suzuki, M.D., and Norihisa Tonami, M.D., 
Section of Nuclear Medicine, University of 
Iowa, Iowa City, Iowa. 

The purpose of this Exhibit was to show 
how sequential brain scanning helps in the 
detection of lesions not demonstrated by 
the routine brain scan. 

Sequential brain scans were performed at 
various, arbitrarily chosen time intervals 
up to 4 hours after injection of NaTc??»O, 
in patierts who had previously undergone 
routine I hour brain scans which were con- 
sidered normal or equivocal. 

The main value of this procedure lies in 
its ability to demonstrate progressive and 
subtle ccunt-rate changes between normal 
anatomic structures and pathologic pro- 
cesses observed in relation to time, thus 
allowing detection of a lesion. This cannot 
be appreciated on any single static scan 
viewed irdependently, nor on routine brain 
scans; thus detection of the lesion was not 
possible. This procedure is not only helpful 
in differentiating a lesion from an artifact 
or a normal variant; in detecting small 
lesions ir. the supratentorial areas; but 1s 
also more helpful in detecting lesions in the 
sellar anc infratentorial areas. 

Abdominal Angiographic Spectrum in 
Tuberous Sclerosis. William R. Compton, 


M.D., Myo M. Kyaw, M.D., and Patrick 
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D. Lester, M.D., University of Utah Med- 
ical Center, Salt Lake City, Utah. 

Tuberous sclerosis does not always mani- 
fest as a classic triad of seizures, mental 
retardation and sebaceous adenomas. Oc- 
casionally, large cystic appearing kidneys 
may be found, representing both cysts and 
angiomyolipomas. The Exhibitors noted a 
number of examples, where clinical findings 
may or may not be classic, but with char- 
acteristic angiographic changes. These find- 
ings were presented and included arterio- 
venous malformations (renal and hepatic) 
and renal microcyst formation in addition 
to more familiar large renal cysts and 
angiomyolipomas. 

Filling Defects of the Urinary Bladder 
Simulating Neoplasm. Orlando C. Cordero, 
M.D., Ricardo Baldonado, M.D., Rajendra 
Kumar, M.D., Restituto Maravilla, M.D., 
and Robert Monaco, New Jersey Medical 
School, Martland Hospital, Newark, New 
Jersey. 

Benign lesions of the urinary bladder, 
and benign lesions arising in the pelvic 
cavity, ranging from the more common to 
the rare entities may cause filling defects in 
the urinary bladder that can mimic car- 
cinoma. Many of these lesions present with 
distinguishing roentgenographic features, 
so that differentiation of these benign 
lesions from carcinomas affecting the uri- 
nary bladder can be made. The roentgen 
features of these entities were described, 
and an attempt to classify them into 
extrinsic and intrinsic categories was 
made. 

In a few of these entities, however, the 
roentgenographic appearance 1s not enough 
to exclude carcinoma. This is particularly 
true for lesions that affect the bladder wall. 
The diagnosis for some of these lesions de- 
pends on clinical grounds and the aware- 
ness that these entities do exist. 

The Modulus of Elasticity of Human 
Cortical Bone: An in vivo Measurement. J. 
Duncan Craven, BM Bch., Moses A. 
Greenfield, Ph.D., David S. Wishko, M.D., 
and Richard Stern, Ph.D., University of 


California—Los Angeles, Department of 
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Radio czical Sciences, Los Angeles, Cali- 
fornia. 

A tecanique was demonstrated for mea- 
suring modulus of elasticity in human cor- 
tical bone iv vivo, a measurement not pre- 
viously obtainable except by i” vitro 
methods. 

The -:chnique involves a combination of 
the me:surement of the velocity of ultra- 
sound and measurement of bone mineral 
contert by a photon absorption method. 
Data were presented comparing the results 
obtaired from patients and normal volun- 
teers and some implications were discussed. 

Cystic Fibrosis: A Commonly Ignored 
Disease. David Jennings Curtis, M.D., and 
Masscui Majd, M.D., Department of 
Radiology, Walter Reed General Hospital, 
Washirzton, D. C., and Children’s Hos- 
pital, National Medical Center, Washing- 
ton, D. C. 

A meltisystem review of the roentgeno- 
graphc patterns and manifestations of 
cystic fbrosis was presented and discussed. 
Incluced were the characteristic changes in 
the pa-anasal sinuses; the early, chronic 
and pretean changes in the chest; recently 
described small bowel patterns; the not so 
simple meconium ileus complex of con- 
genital small bowel disorders; changes in 
the ske etal system; and a previously un- 
described finding of soft tissue ossification. 

Anrik Arthrography. Won-Sik Cynn, 
M.D.. Patricia Gureghian, M.D., Barry 
L. Lev. n, M.D., and James Nixon, M.D., 
Departments of Radiology and Ortho- 
pedics, University of Pennsylvania School 
of Mecicine, Graduate Hospital of the 
Univerzity of Pennsylvania, Philadelphia, 
Pennsylvania. 

Ankle arthrography is a simple, safe 
and accurate method to evaluate the soft 
tissue iajury of the ankle joint. The indica- 
tions for and technique of this procedure, 
and normal variations as well as abnormal 
ankle arthrograms were presented. The 
authors demonstrated: (1) ruptured an- 
terior talofibular ligament; (2) filling of 
peronecs tendon sheath from ruptured 
calcareofibular ligaments; and (3) rup- 
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tured deltoid ligaments and ruptured 
syndesmosis. Proper treatment of the acute 
tear of ligaments around the ankle is im- 
portant to prevent a chronically unstable 
joint. 

Results of Nonsurgical Treatment of 
Atherosclerotic Iliac Narrowing. Chacles T. 
Dotter, M.D., Josef Rösch, M.D., Janice 
Anderson, M.D., and Ruza Antcnovic, 
M.D., University of Oregon Medical 
School, Portland, Oregon. 

Percutaneous transfemoral balloon dila- 
tation was carried out in 40 patients with 
clinically significant iliac arterial stenoses. 
The use of a balloon gave generous dilata- 
tion via a small entry hole; a specrically 
designed caged balloon catheter was used 
to provide the needed distending force. 
Most patients were treated because of 
symptoms due to known iliac stenoses; in 
several, however, dilatation was done in 
conjunction with retrograde diagnostic 
catheterization for other purposes (visceral 
or coronary angiography). 

Follow-up periods ranged up to 5 years 
and showed good results in simple, short 
stenoses. Diffuse stenoses were more Ekely 
to recur; in some instances, redilatation 
was successfully carried out. 

It was concluded that transluminal dila- 
tation of stenotic iliac arteries is a safe, 
effective and a far more pleasant alter- 
native to major surgery. 

Early Detection of Breast Cancer. Rcbert 
L. Egan, M.D., American College of 
Radiology, Chevy Chase, Maryland. 

This Exhibit described, through use of a 
flow-chart, the life giving benefit of early 
detection of breast cancer and death result- 
ing from nondetection. This message was 
conveyed through photographs, fiberor tics 
and palpable rubber breasts. 

Polytome Pneumography to Evaluate the 
C.N.S. in Infants and Children. Taher El 
Gammal, F.F.R., Medical College of Geor- 
gla, Augusta, Georgia. 

With the advent of the EMI scanner, 
conventional pneumoencephalography will 
be infrequently performed. 

The technique of polytome (a) pneumo- 
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encephalography, (b) ventriculography and 
(c) air myelography was briefly illustrated. 
Examples of detailed normal anatomy and 
of interesting pathologic cases were shown. 
These included dysraphism, Arnold-Chiari 
malformation, cyst of septum pellucidum, 
aqueduct obstruction, hamartoma of the 
thalamus, medulloblastoma, ependymoma, 
and pontine glioma. 

The Roentgenographic Manifestations of 
Endometriosis. Charles Joseph Fagan, M.D., 
University of Texas Medical Branch, Gal- 
veston, Texas. 

Endometriosis is a common disease de- 
veloping in a large number of women dur- 
ing their active menstrual life. The lesions 
of this disorder may be roentgenographi- 
cally apparent. 

It was the purpose of this Exhibit to re- 
view the clinical and roentgenographic as- 
pects of endometriosis as it involves the 
genitourinary, gastrointestinal and respira- 
tory tracts. The author presented examples 
of endometriosis of the lung and catamenial 
pneumothorax. The importance of corre- 
lating the clinical aspects of the disease 
with the roentgenographic changes, per- 
mitting one to suggest the correct diagnosis, 
was stressed. 

Osteomyelitis in Childhood. Alvin Harold 
Felman, M.D., and Milton Steve Stratos, 
M.D., University of Florida, Gainesville, 
Florida. 

Pyogenic osteomyelitis remains a sig- 
nificant pediatric disease, although its 
manner of presentation has changed some- 
what in recent years. The roentgenologist 
often assumes an important role in the 
diagnosis and treatment of these patients. 

This Exhibit reviewed some of the classic 
roentgen patterns of osteomyelitis and 
illustrated the roentgenograms of patients 
whose clinical and roentgenographic find- 
ings differed from the expected. Com- 
parison with other noninfectious abnor- 
malities was stressed. Illustrations and dis- 
cussions of the correlative histopathology 
completed this Exhibit. 

Lesions of the Larynx: Roentgen Appear- 
ance with Clinico-Pathologic Correlation. 
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Pieretta S. Ferro, M.D., Jindra A. Kalus, 
M.D., Robert M. Komorn, M.D., Jyung- 
Whan Min, M.D., and Luceil B. North, 
M.D., Veterans Administration Hospital, 
Baylor College of Medicine, Houston, 
Texas. 

Different lesions of the larynx, mostly 
malignant tumors, were studied clinically 
and evaluated roentgenographically with 
tomographic and contrast studies and cor- 
related with the surgical and pathologic 
specimens. 

Photographs of the specimens, laryngo- 
grams and tomograms were presented. 

Neurogenic Disorders of the Foot in Di- 
abetes Mellitus. Nathaniel Finby, M.D,, 
Ernest Kraft, M.D., and Efthimios Spy- 
ropoulos, M.D., St. Luke's Hospital Cen- 
ter, V.A. Hospital, Outpatient Clinic, 
New York, New York. 

Two types of diabetic neuropathy were 
distinguished: (1) Charcot Joint (destruc- 
tive type) affects tarsal bones; and (2) 
Bone Absorption (mutilating type) is con- 
fined to the forefoot. Both types may occur 
in the same foot and even bilaterally. 

Specific roentgen findings: (1) can be 
correlated with a known diabetes; (2) can 
serve as a clue to the detection of an un- 
known diabetes; and (3) can precede an 
overt diabetes and, thereby, aid in the 
management of the latent metabolic dis- 
order. 

Perforated Viscus Presenting with Gas in 
the Soft Tissues (Subcutaneous Emphysema). 
Thomas W. Fiss, Jr., M.D., Olcay S. 
Cigtay, M.D., Albert J. Miele, M.D., and 
Homer L. Twigg, M.D., Georgetown Uni- 
versity Hospital, Washington, D. C. 

Eight cases which represented the spec- 
trum of gas in the soft tissue following a 
perforated hollow viscus were reviewed. 
These included 2 cases each of perforation 
secondary to appendicitis, colonic car- 
cinoma and diverticulitis. A single case 
each of perforation of the ileum and a 
duodenal diverticulum was reported. These 
cases revealed gas dissecting into the 
retroperitoneum, abdominal and chest 
walls, mediastinum, neck and leg. Path- 
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ways, mechanisms, trends and differential 
diagnosis were reviewed. 

A New Cholecystographic Agent: Toce- 
tamic Acid. John P. Fotopoulos, M.D., and 
Jerold B. Weinberg, M.D., Evanston Hos- 
pital, Northwestern-McGraw Medical 
Center, Evanston, Illinois. 

Cholebrine® was compared with Iopa- 
noic acd (Telepaque®) as regards radio- 
diagnostic quality, the number of repeat 
examinations necessary for conclusive diag- 
nosis, end number of side effects. Of 255 
Choleb-ine cholecystograms, only 3.5 per 
cent demonstrated improved visualization 
with repeat study. Side effects, particularly 
diarrhea, were very low with 2 per cent of 
of 202 patients interviewed reporting poor 
tolerance. 

New Thoughts on Xanthogranulomatous 
Pyelonephritis (XP). Stephen Gammill, 
M.D., Bob Peace, M.D., Elliot Himmel- 
farb, M.D., and Jack Rabinowitz, M.D., 
University of Tennessee Medical School, 
Memphis, Tennessee. 

The authors demonstrated why they be- 
lieve that XP forms no neovascularity, 
but rather rearranges the normal renal vas- 
cularicy and produces an appearance that 
may b= confused with but distinguished from 
tumor vascularity. This was accomplished 
by presenting the clinical, angiographic 
and oathologic findings of 12 patients 
(ages 14-63) with XP. The angiographic 
findings were compared with findings in 
patients with renal carcinoma, renal ab- 
scesses and proliferative pyelonephritis 
which was not XP. 

A Spectrum of Duodenal Abnormalities. 
Francis J. Hahn, M.D., and Rolf L. 
Schasiro, M.D., University of Iowa Hos- 
pitals, Iowa City, Iowa. 

Relatively uncommon lesions occurring 
in the duodenum include both benign and 
malignant diseases; several of these pro- 
duce characteristic morphologic features 
which permit specific roentgenologic diag- 
nose: with a high degree of certainty. 
Duodenobiliary fistulae are usually at- 
tributable to primary biliary disease, rarely 
due to peptic ulcer disease. Aortoduodenal 
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fistulae usually represent a late sequel of 
reconstructive aortic surgery, but occa- 
sionally occur as a complication of athero- 
sclerotic aortic aneurysm. Hematomas 
characteristically produce a submucosal 
lesion in the distal descending duodenum 
and may occasionally constitute an ele- 
ment of child abuse. Dilatation ef the 
duodenum is encountered proximal to 
benign strictures, obstructing neoplasms, 
in scleroderma, and in the superior mesen- 
teric artery syndrome. Intralumimal di- 
verticula may cause intermittent pain and 
vomiting and render a pathognomonic 
roentgenographic appearance. 

Little difficulty is encountered in recog- 
nizing the malignant features of primary 
duodenal carcinoma, lymphoma, or ampul- 
lary carcinoma, although distinction be- 
tween these specific neoplasms is mot al- 
ways possible. Benign neoplasms present 
as an intraluminal filling defect, frequently 
movable over short distances. 

Roentgenologic Evaluation of Acute Cer- 
vical Spine Injuries in the Emergency Room. 
Sang Yeung Han, M.D., David F. Powell, 
M.D., and David M. Witten, M.D., Uni- 
versity of Alabama School of Medicine, 
Birmingham, Alabama. 

Essentials of roentgenologic examir ation 
of patients with acute cervical spine inju- 
ries in the emergency room were presented 
with emphasis on the tomogram and 
oblique anteroposterior view of the ce-vical 
spine. Injuries were classified according to 
the mechanism (hyperflexion, hyperexten- 
sion, and rotation) and anatomic levels. 

The tomogram of the upper cervical-spine 
in the anteroposterior projection is most 
useful for rotational injuries of the atlanto- 
axial joint and bursting fracture of the 
atlas (Jefferson fracture). 

The oblique anteroposterior view is 
valuable in demonstrating fracture and 
dislocation of the articular facets of the 
lower cervical spine. 

Acute Septic Arthritis. Norma F. Harris, 
M.D., J. Frederick Johnson, M.D., and 
Robert S. MacIntyre, M.D., Baylor Col- 
lege of Medicine, Houston, Texas. 
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Representative cases from over 80 cases 
reviewed at Ben Taub General Hospital 
were selected for presentation, in addition 
to a limited amount of statistical data with 
respect to age, sex, site of organisms, clin- 
ical presentation and course. The cases 
were chosen to illustrate the radiologist’s 
role in the diagnosis of acute septic ar- 
thritis, and stressed the early signs and the 
appearance of specific infectious agents, as 
well as the complications. The fact that 
these cases presented within a 4 year 
period indicated that this is still a diag- 
nostic and therapeutic problem. 

Detection and Evaluation of Localization 
Error Using Therapy Verification Film 
Technique. Arthur G. Haus, M.D., James 
E. Marks, M.D., Melvin L. Griem, M.D., 
and Kurt Rossmann, Ph.D., Department 
of Radiology, University of Chicago, Chi- 
cago, Illinois. 

The therapy verification film technique 
makes use of a film that can be left under 
the patient during each treatment to give 
an accurate record of the anatomy included 
within the treatment volume. In this 
Exhibit was demonstrated: (1) how vari- 
ous exit dose exposures fit the characteristic 
curve of the film; (2) types of errors com- 
monly detected due to physician, tech- 
nician, and patient; (3) the calibration 
technique for determining the variation of 
exit dose over the treatment field; (4) 
sequential verification films, taken during 
the entire course of treatment, illustrating 
daily alterations in localization and inci- 
dence of localization error throughout the 
treatment series; and (5) data from local- 
ization error studies involving treatment of 
the pelvis, head and neck, and treatment 
fields used for Hodgkin's disease and ma- 
lignant lymphoma. 

Pediatric Hip Diseases. J. Bruce Hauser, 
M.D., and Robert T. Bramson, M.D., 
Washington University School of Medi- 
cine, Mallinckrodt Institute of Radiology, 
St. Louis, Missouri. 

A study of a variety of children's hip 
diseases was presented including: con- 
genital hip dislocation; Legg-Perthes dis- 
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ease; slipped capital epiphysis; septic hip; 
congenital hip dysplasias such as meta- 
trophic dwarfism, multiple epiphyseal dys- 
plasia, and others; idiopathic coxa vara; 
fibrous dysplasia; and other bone softening 
diseases. Roentgenograms were analyzed 
to provide clues to sort out the differential 
features of the multiplicity of hip diseases. 
Examples of the subtle and early features 
of many of these diseases were shown. 

Extra-Ventilatory Air Syndromes of the 
Premature Infant. Carl G. Hoffman, M.D., 
and Patrick D. Lester, M.D., University 
of Utah Medical Center, Salt Lake City, 
Utah. 

With the increased early survival of pre- 
mature infants, more extra-ventilatory air 
syndromes are being seen, especially in 
Newborn Intensive Care Units where as- 
sisted respiration is commonly utilized. 
Their early recognition, including inter- 
stitial emphysema and _ pneumopericar- 
dium, is often critical in the management 
of these seriously ill infants. Examples of 
the spectrum at presentation and in resolu- 
tion were demonstrated. 

Retention of Small Foreign Objects 1n the 
Duodenum: a Sign of Incompletely Ob- 
structing Duodenal Anomalies. E. George 
Kassner, M.D., Judith Rose, M.D., Peter 
K. Kottmeier, M.D., Morton Schneider, 
M.D., and Glenn M. Gallow, M.D., De- 
partments of Radiology and Surgery, 
(Division of Pediatric Surgery), State 
University of New York, Downstate Med- 
ical Center, Brooklyn, New York. 

According to several large published 
series, small round, oval or cuboidal foreign 
objects nearly always pass promptly 
through the gastrointestinal tract. Stasis 
of such objects in the stomach or duodenum 
is extremely uncommon. The Exhibitors 
have observed prolonged retention of such 
objects in 3 children who had no clinical 
or plain roentgenographic evidence of 
partial duodenal obstruction. In each, 
barium meal demonstrated a congenital 
anomaly of the duodenum: duodenal steno- 
sis in a 9 year old boy ; redundant duodenal 
diaphragm (“windsock duodenum”) in a 
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3 year old girl; and annular pancreas in a 
4 year old girl. 

Hytaonic Colonic Examination. James 
Magner Keegan, M.D., Leslie Louis Le- 
mak, M.D., Charles Wilbur Yates, Jr., 
M.D., Patricia Ann Athey, M.D., and 
Victor Carlson, M.D., St. Joseph Hospital, 
Houston, Texas. 

Bar um enema examinations have pro- 
vided much diagnostic information, usually 
with little discomfort to the patient. How- 
ever, Many patients, especially those with 
colonic pathology, have severe spasm pre- 
venting diagnostic filling of the colon. The 
use of intramuscular Pro-Banthine (30—60 
mg.) has proved to be a safe and effective 
means of alleviating spasm. This often 
allows evaluation of both ends of a lesion 
and permits more adequate examination 
of mucosal detail. Cases illustrating the 
use of Pro-Banthine with various types of 
colonic pathology were presented with 
premedication and postmedication barium 
enema -oentgenograms. 

Gas Myelography with Hypocycloidal To- 
mogra?»*y. Senichiro Komaki, M.D., Mar- 
len F. Junck, M.D., Henry J. Bradley, 
M.B., end Yong W. Kim, M.D., The Med- 
ical College of Wisconsin, Milwaukee 
County General Hospital, Veterans Ad- 
ministr-tion Hospital, Milwaukee, Wis- 
consin. 

Gas myelography offers a number of 
advant-ges over pantopaque myelogra- 
phy. When combined with hypocycloidal 
tomography, diagnostic films of high qual- 
ity are usually obtained, demonstrating a 
numbe- of lesions exceptionally well. Fif- 
teen cases of cervical, thoracic, and lumbar 
patho ozic entities were presented. These 
included examples of neoplastic, traumatic, 
disk, infectious, congenital, and miscel- 
laneous lesions. 

A Siudy of the Patterns of Cancer Care 
in Radiation Therapy. Simon Kramer, 
M.D.. and William E. Powers, M.D., 
Department of Radiation Therapy and 
Nuclear Medicine, Thomas Jefferson Uni- 
versity Hospital, Philadelphia, Pennsyl- 
vania, znd Mallinckrodt Institute of Radi- 
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ology, St. Louis, Missouri. 

A 3 year study on the Patterns of Can- 
cer Care in Radiation Therapy is being 
conducted under the auspices of the Ameri- 
can College of Radiology through a grant 
from the Division of Cancer Control of 
the National Cancer Institute. Under the 
direction of Simon Kramer, M.D., Chair- 
man of the Department of Radiation 
Therapy and Nuclear Medicine at Thomas 
Jefferson University Hospital, Philadelphia 
and with technical assistance provided by 
David F. Herring, Inc., La Jolla, a mation- 
wide survey of radiation therapy facilities 
will be conducted. The study will direct 
itself to problems of the quality and accessi- 
bility of radiation therapy care, manpower 
needs, financial reimbursement pxlicies, 
training programs, etc. The first step under- 
taken in the study has been the establish- 
ment of a master list of radiation therapy 
facilities throughout the United States. 
At the same time, committees of radiation 
therapists representing all geographic sec- 
tors of the country and practicing radia- 
tion therapy in all types of settings have 
developed questionnaires concerning treat- 
ment of specific disease sites with radiation 
therapy. These questionnaires will be ap- 
plied to the review of a small number of 
appropriate medical records in 150 facili- 
ties per year, chosen on the basis of a 
statistically derived sampling design. In 
each case the sampling will be so limited 
as to make individual assessment an im- 
possibility, but the over-all picture ob- 
tained should delineate the pattems of 
radiation therapy care presently prevailing 
in the United States. The audiovisual 
Exhibit describing this study consisted of 
colored slides and a narration by William 
Powers, M.D., a member of the executive 
committee for the Patterns of Care Study. 

Intracoronary Rubidium 81 for Deter- 
mining Myocardial Scar versus Ischemic 
Muscle. David A. Krause, M.D., Merle K. 
Loken, M.D., and Kurt Amplatz, M.D., 
University of Minnesota Hospitals, Min- 
neapolis, Minnesota. 

Rb*C] injected into the left coronary 
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artery cf patients showed excellent dif- 
ferentiaton between ischemic, but viable, 
myocardium and scar. Coronary arteries 
may be present in areas of scar on good 
angiograms. RbCl does not appear signif- 
icantly in scar because of the relatively 
few cells in fibrous tissue. This technique 
IS usefu. prior to deciding on coronary 
bypass surgery, as it helps prevent bypass- 
ing a stenotic lesion into scarred tissue. 

Inflammatory Lesions of the Duodenal 
Loop. Arthur F. Kriner, M.D., Reed P. 
Rice, M.D., and William M. Thompson, 
M.D., Duke University Medical Center, 
Durham, North Carolina. 

The roentgenologic diagnosis and differ- 
entiatior of inflammatory lesions of the 
duodenal loop were stressed in this Exhibit. 

The spectrum of duodenal changes as- 
sociated with pancreatitis varies from a 
subtle mass effect to gross distortion with 
complete duodenal obstruction. These 
changes were compared to annular duode- 
nal spasm and/or stricture resulting from 
postbulbar ulcer. Regional enteritis of the 
duodenum can mimic other inflammatory 
lesions, and in at least half of the Exhibi- 
tors 23 patients there was smooth narrow- 
ing of the first and second portions of the 
duodenum which is virtually pathog- 
nomonic of regional enteritis. Rarer inflam- 
matory .esions were included for compari- 
son. 

Systematized Approach to the Roent- 
genographic Diagnosis of Asymptomatic 
Space-Occupying Lesions of the Kidney. 
Erich K. Lang, M.D., Eugene C. St. Mar- 
tin, M.D., Hoyet L. Chance, M.D., Ray- 
mond W. Turner, M.D., Burdette E. 
Trichel, M.D., and Don L. McCormick, 
M.D., LSU School of Medicine in Shreve- 
port, Confederate Memorial Medical Cen- 
ter, Shreveport, Louisiana. 

A sequential roentgenographic approach 
to the diagnosis of asymptomatic renal 
mass lesions was developed. The intra- 
venous urogram, nephrotomogram, ultra- 
sound, arteriogram, and the cyst puncture 
and aspiration test complex were grouped 
in a hierarchical fashion to permit progres- 
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sive affirmation of the diagnosis. The confi- 
dence level and accuracy of these various 
diagnostic tests and their contributions to 
the final diagnosis were statistically ana- 
lyzed on a series of 498 patients. Appro- 
priate sequential deployment of the above 
battery of roentgenographic examinations 
guarantees diagnosis of benign renal cysts, 
inflammatory renal mass lesions, asympto- 
matic neoplastic lesions, and congenital 
variance provides an adequate confidence 
level at minimum cost in monetary ex- 
pense and risk to the patient. 

Legg-Perthes Disease: a Prognostic Roent- 
genographic Classification. Patrick D. Les- 
ter, M.D., Jay Lukins, M.D., and Sherman 
S. Coleman, M.D., University of Utah 
Medical Center, Salt Lake City, Utah. 

Legg-Perthes disease has classically been 
staged according to the state of healing 
on the roentgenogram, e.g., “stage of frag- 
mentation," etc. This is useful in approxi- 
mating the evolution of the disease but 
cannot be used to prognosticate results or 
determine treatment. The Catterall classi- 
fication (4 groups), based upon the extent 
of involvement of the femoral head on the 
initial roentgenogram (regardless of path- 
ologic stage), can accurately indicate the 
eventual outcome. Deformity (or lack of 
deformity) in the healed stage can be pre- 
dicted. The grouping can be of value in 
determining the method of treatment. 

Roentgenographic Recognition of Char- 
acteristic Bronchial Patterns. Robert Lev- 
itt, M.D., John V. Forrest, M.D., and 
Stuart S. Sagel, M.D., Mallinckrodt Insti- 
tute of Radiology, St. Louis, Missouri. 

The plain film roentgenographic findings 
in bronchiectasis, when characteristic, are 
well known and easily recognized. Other 
forms of local bronchial disease may also 
have typical plain film roentgenographic, 
tomographic and bronchographic appear- 
ances. Clinical and roentgenographic corre- 
lation of findings in mucus impaction due 
to allergic aspergillosis in asthmatics will 
allow appropriate treatment. The use of 
xenon ventilation scans to document air 
trapping behind bronchial atresia was also 
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emphasized. The radiologist often can 
distinguish all these unusual bronchial 
shadow: from neoplasms and so help avoid 
unnecessary surgery. 

Computerized Transverse Axial Tomog- 
raphy (MI): Some Observations on Deep 
and Mtdline Mass Lesions. Thomas Lott, 
M.D., and Taher El Gammal, F.F.R., 
University Hospital and Medical College 
of Georzia, Augusta, Georgia. 

To demonstrate the usefulness of the 
EMI scenner in evaluation of patients with 
midline and posterior fossae masses, the 
EMI scans were compared to conventional 
neuroradiologic studies. 

Speciac tissue diagnosis with the EMI 
scanner was presented, as in intracerebral 
and intraventricular hematoma and lipoma 
of the corpus callosum. 

The value of intravenous contrast medi- 
um injection as an adjunct to the routine 
EMI scan was demonstrated. 

Hy pertelorism. Roderick Ian Macpher- 
son, M. D., Robert Wan, M.D., and Martin 
Howard Reed, M.D., Health Sciences 
Children’s Centre, Winnipeg, Manitoba, 
Canada. 

Hypertelorism means an abnormal in- 
crease n the distance between the eyes. Its 
presence can be determined roentgeno- 
logically by measurement of interorbital 
distance and comparison with normal 
standards. 

There are a variety of mechanisms by 
which «ypertelorism may develop; for 
instance, 1t can be associated with mid- 
facial cefects (7.e., cleft palate), premature 
closure of sutures and diseases that in- 
crease the size of the interorbital structures. 

It is 3 common factor in a variety of 
rare, and not so rare, clinical syndromes, 
and its recognition serves as a clue in the 
identificztion of many of these. 

In this Exhibit, the method of measuring 
hypertelorism was demonstrated and a 
classification of diseases associated with 
hypertelorism was presented. The salient 
features of several of these syndromes were 
demonstrated with particular emphasis on 
their roentgenologic diagnosis. These in- 
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cluded craniodiaphyseal dysplasia, oto- 
palato-digital syndrome, hypertelorism- 
hypospadias syndrome, Apert's syndrome, 
and medial cleft face syndrome. 

Cystic Adenomatoid Malformation of the 
Lung: Morphologic Analysis. John E. 
Madewell, M.D., John T. Stocker, M.D., 
and Jack M. Korsower, M.D., Armed 
Forces Institute of Pathology, Washing- 
ton, D.C. 

Cystic adenomatoid malformation of the 
lung with its consequent, and, at times 
severe, respiratory embarrassment, is an 
important roentgenographic diagnosis in 
the pediatric age group. The gratifying 
response to surgical treatment makes it 
imperative that the roentgenographic find- 
ings in this disease are fully understood. 

The Exhibitors’ experience with cystic 
adenomatoid malformation at the AFIP 
was critically reviewed and subjected to 
morphologic analysis for diagnostic pur- 
poses. While the correlating pathologic 
findings were briefly discussed, the empha- 
sis was placed on the roentgenologic find- 
ings which most clearly define the gross 
parameters of this disease. 

Tumors of the Hand and Wrist. Norman 
L. Martin, M.D., W. E. Pinke, M.D., Kyo 
Rak Lee, M.D., Fred F. Roberts, M.D., 
and James Kifer, M.D., University of 
Kansas School of Medicine, Departments 
of Diagnostic Radiology and Pathology, 
Kansas City, Kansas. 

Tumors arising from bones of the hand 
and wrist are uncommon lesions. Several 
series of over 1,000 tumors originating in 
bone showed the hand to account for less 
than 5 per cent of the total. Soft tissue 
tumors such as ganglions, squamous and 
basal cell carcinomas, xanthomas of the 
tendon sheath and glomus tumors are more 
common in the hand and wrist but have 
fewer distinguishing roentgenographic char- 
acteristics than those arising from the bone. 
Metastatic tumors to the hand and wrist, 
as stated by many authors, are rare. 

Because of the rarity of tumors affecting 
the bones of the hand and wrist, many 
physicians will not have seen the spectrum 
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of tumors that can involve the hand and 
wrist. When tumors are primary in the 
hand, they offer a good chance for cure 
because of their location, thus failure in 
their recognition may delay or affect ap- 
propriate treatment and cure. 

The Exhibit demonstrated tumors of the 
hand and wrist from the more common 
benign to the rare malignant and meta- 
static: initially, as roentgenographic un- 
knowns with a characteristic biopsy slide 
specimen, with pertinent points depicted, 
followed by the answer and summary of the 
case. 

The Exhibit concluded with a group of 
lesions many times mistaken for a tumor 
of the hand and wrist with the differential 
points noted. 

Peribiliary Fat: a New Roentgenographic 
Finding. Harvey Ilsley Meyers, M.D., and 
Michael Stephen Shaub, M.D., Los Angeles 
County, University of Southern California 
Medical Center, Los Angeles, California. 

Radiolucent linear densities have been 
observed in the right upper quadrant in the 
area of tae liver in some individuals. 
Analysis of intravenous cholangiograms 
and oral cholecystograms and anatomic 
dissections indicates that these lucencies 
represent peribiliary fat, an extension of 
the extraperitoneal fat in the area of the 
liver. The importance of this finding is that 
the lucencies be recognized as peribiliary 
fat and not confused with gas within the 
biliary or portal system. These lucencies 
may also be of help in identifying, locating, 
and measuring the diameter of the common 
bile duct when it is only faintly visualized 
on an intravenous cholangiogram or when 
its anatomic course is atypical. 

H ypotonic Colon Examination with Gluca- 
gon. Roscoe E. Miller, M.D., Stanley M. 
Chernish, M.D., and Jovitas Skucas, M.D., 
Indiana Un versity School of Medicine, 
Indianapolis. Indiana. 

The effect of glucagon, atropine sulfate, 
and glucagor. plus atropine sulfate on the 
colon was compared to placebo in 48 double 
blind crossover barium enema examina- 
tions. Medicztions were given 10 minutes 
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prior to each barium examination. The 
number and intensity of side effects were 
much less with either placebo or glucagon 
than with atropine sulfate alone or atro- 
pine sulfate plus glucagon. For a barium 
enema examination, the subject is much 
more comfortable, the colon and small 
bowel more relaxed, intracolonic pressure 
is less, and the examination completed 
quicker after giving glucagon than after 
the administration of placebo or atropine 
sulfate. 

Selective Temporal Arteriography in Giant 
Cell Arteritis Polymyalgia Rheumatica. Ro- 
gelio Moncada, M.D., Dennis Baker, M.D., 
Herbert Rubinstein, M.D., Dinesh Shah, 
M.D., and Leon Love, M.D., Loyola Uni- 
versity of Chicago, Stritch School of Medi- 
cine, May wood, Illinois. 

The difficulty in the diagnosis of arteritis 
in polymyalgia rheumatica 1s well estab- 
lished. Histologic confirmation has always 
been attained through direct temporal 
artery biopsy. However, the small yield of 
positive biopsy findings vs. characteristic 
clinical criteria prompted a combined study 
of selective temporal arteriography and 
biopsy in the hope of establishing the 
presence of vascular involvement distal to 
the site of routine biopsy. 

Twenty cases that fulfilled the clinical 
criteria for polymyalgia rheumatica were 
included in this study. The results were 
presented. 

Cervical Aortic Arch. Rogelio Moncada, 
M.D., Michael Shannon, M.D., Robert 
Miller, M.D., Alois Hastreiter, M.D., Ira 
DuBrow, M.D., Sheldon Burman, M.D., 
Harvey White, M.D., Jamie Friedman, 
M.D., and Wade H. Shuford, M.D., 
Loyola University of Chicago, Stritch 
School of Medicine, Maywood, Illinois. 

The anatomic development of the aortic 
arch and great vessels usually lends itself 
well to interpretation of the origin of its 
congenital anomalies. One of the rarest of 
these anomalies, the cervical aortic arch, 
however, has never been adequately ex- 
plained embryologically. Only 15 cases 
have been reported in the past in the litera- 
ture. 
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This exhibit presented 10 cases of the 
anomaly. 5 left-sided and 5 on the right, 
and 6 of which have never before been re- 
ported. The embryologic hypothesis of de- 
velopment and angiographic findings were 
stressed, as well as pathologic and clinical 
characteristics. 

Patizxt and Beam Positioning System. 
George D. Oliver, Jr., Ph.D., Carlos A. 
Perez, M.D., and William E. Powers, 
M.D., St. John's Mercy Hospital, Division 
of Radiation Therapy, St. Louis, Missouri. 

The technique of a new fiber glass cast- 
ing system has replaced plaster of paris for 
patiert repositioning and immobilization 
and electron shielding. Once the area re- 
quirirg therapy has been determined, the 
basic cast which immobilizes the patient 
in the therapeutic position is molded and 
cured with an ultraviolet light. Pictorial 
examples illustrated a few of the possible 
uses of this system in radiation therapy. 

The Water Double Contrast Barium Ene- 
ma Examination: a New Method of Roent- 
gen Examination of the Colon. Rubem 
Pochaezevsky, M.D., City Hospital Center 
at Elmhurst, and Mount Sinai School of 
Medicine, New York, New York. 

A new technique for double contrast 
examination of the colon utilizing water 
instead of gas was described. 

Tre study is carried out by means of a 
disposable prepackaged double bag enema 
kit utilizing a one-stage, closed system. 
Reliable postevacuation roentgenograms 
of the colon are achieved simply by passive 
sypioning and without the use of tannic 
acic. 

Diaphragmatic Anomalies in the Neo- 
nate. Catherine A. Poole, M.D., and How- 
ard A. Wexler, M.D., University of Miami, 
Jackson Memorial Hospital, Miami, Flori- 
da. 

This Exhibit displayed the spectrum of 
anomalies that may involve the neonatal 
diaparagm. These range from the not un- 
common foramen of Bochdalek hernia to a 
unique case of "congenital" bilateral paral- 
vs's. Included were examples of congenital 
and acquired eventrations with gross and 
m'croscopic correlation. In many instances 
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recognition of certain patterns on plain 
film roentgenograms of the chest and ab- 
domen obviates the need for more elaborate 
examinations. 

Etiologic factors and the high associa- 
tion of some lesions with chromosome 
aberrations were also discussed. 

Computerized Transverse Tomography of 
the Brain. Barry D. Pressman, M.D., 
Donald R. Smith, M.D., Frank S. Jan- 
notta, M.D., Hugo V. Rizzoli, M.D., and 
David O. Davis, M.D., George Washing- 
ton University Medical Center, Washing- 
ton, D. C. 

Computerized transverse tomography is 
a revolutionary new method of studying 
intracranial disease. It is rapid, noninvasive 
and has no attendant morbidity. The basic 
principles of operation as well as the data 
presentation method which is utilized, 
were explained in detail. Interpretation of 
the computerized tomograms requires a 
knowledge of normal anatomy as depicted 
on the scans. To this end, normal brain 
sections with comparison scans were pre- 
sented and normal anatomic features 
were delineated. 


Cases were presented in several cate- 


gories including tumors, infarcts, orbital 
lesions, abnormalities of ventricular size, 
posterior fossa lesions and vascular ab- 
normalities. These were used to demon- 
strate the interpretation of the scans and 
to explain the appearance of the different 
lesions on the scan. Furthermore, the value 
of computerized tomography in the evalua- 
tion of these categories of lesions was ex- 
plained. Inherent difficulties of this system 
as they apply to interpretation of the scans 
were discussed and illustrated. 

How Specific is the Atr-Bronchogram? 
a Radiologic-Pathologic Study. James C. 
Reed, M.D., and John E. Madewell, M.D.. 
Armed Forces Institute of Pathology, 
Washington, D. C. 

The air-bronchogram is one of the most 
confusing of the classic signs im chest 
roentgenology. It is considered to signal 
an end-air-space (“alveolar”) filling pro- 
cess. 

The objective of this Exhibit was to 
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show that it may also occur in a variety of 
interstittal disease processes. A number of 
cases usmg gross and macroscopic sections 
correlatiag the roentgenologic findings was 
used to exemplify these situations. The 
diseases considered included: alveolar pro- 
teinosis; hemosiderosis; bronchioloalveolar 
cell carcinoma; lymphoma; pseudolym- 
phoma; and sarcoidosis. 

The Decaying Human Sacro-Iliac Foint. 
Donald L. Resnick, M.D., Gen Niwayama, 
M.D., and Thomas G. Goergen, M.D., 
Veterans Administration Hospital, San 
Diego, California. 

Over so human sacro-iliac joints were 
removec 77 toto at random during routine 
autopsies and analyzed to define the 
roentgemographic and pathologic altera- 
tions occurring in middle-aged and elderly 
patients. Each joint was sectioned, photo- 
graphed and roentgenographed; large mi- 
croscopic slides of the entire joint were 
obtained. 

The spectrum of “ankylosing” degenera- 
tive sacro-iliac disease was described and 
contrasted with that of ankylosing spondy- 
litis. Although roentgenographically the 2 
may simulate each other, the presence of 
para-arcicular osteophytosis leading to fo- 
cal ankylosing in degenerative disease dif- 
fers from the widespread intra-articular 
bone fusion occurring in ankylosing spon- 
dylitis. 

Immunology and the Lung. Stewart R. 
Roberts, Jr., M.D., Hans U. Tschersich, 
M.D., David Frolich, M.D., and H. 
Stephen Weens, M.D., Department of 
Radiology, Emory University Affiliated 
Hospitals, Atlanta, Georgia. 

Pulmonary disease was categorized and 
compared on an immunologic basis. The 
origin and function of antibody and cellu- 
lar immunity were outlined and the 4 im- 
mune responses were illustrated. 

Routine Double Contrast Upper Gastro- 
intestinal Series Utilizing the “Gas Pill” 
Technigue: a Review of 1,500 Consecutive 
Examizations. Lee Frank Rogers, M.D., 
Otto Munoz, M.D., and Thomas Stanley 
Harle, M.D., Department of Radiology, 
The University of Texas Medical School at 
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Houston, Houston, Texas. 

This Exhibit demonstrated the renewed 
interest in double contrast techniques for 
the examination of the upper gastrointesti- 
nal tract. Many proposed techniques are 
cumbersome or poorly tolerated. Originally 
the double contrast technique was in- 
tended for use under special circumstances. 

The Exhibitors developed a simplified 
technique utilizing 6 gas forming tablets, 
that is well tolerated and may be utilized 
routinely. Fluoroscopy, spot films, and 
standard follow-up films were employed. 
The visualization. of the stomach and 
duodenum was greatly improved, smaller 
lesions were readily visualized and finer 
details were demonstrated. This presenta- 
tion was based on an experience with 1,500 
consecutive examinations. 

Acquired and Congenital Systemic Venous 
Abnormalities in Children. Nancy S. Rosen- 
field, M.D., and Kenneth E. Fellows, 
M.D., Children’s Hospital, Medical Cen- 
ter, Boston, Massachusetts. 

In the inclusive period 1967-1973, 97 
phlebographic examinations were per- 
formed at Boston Children’s Hospital 
Medical Center. A variety of abnormalities 
were encountered and form the basis of 
this Exhibit. 

A non-tourniquet technique of phlebog- 
raphy was employed in most children to 
study peripheral venous problems; exam- 
ples of thrombophlebitis (post-traumatic 
and idiopathic) as well as dysplasias of 
the venous and lymphatic systems were 
provided. Special problems such as dialysis 
shunt thromboses and congenital venous 
aneurysm were also illustrated. 

Obstructive abnormalities of the inferior 
vena cava (IVC) included tumor compres- 
sion and invasion, thrombosis (usually 
associated with renal vein thrombosis) and 
constriction secondary to hepatomegaly. 
In the course of inferior vena cavography, 
a double IVC, left-sided IVC, and con- 
genitally interrupted IVC were also en- 
countered and were illustrated. 

Choledochal Cyst: Roentgenographic Tech- 
niques. Nancy S. Rosenfield, M.D., S. 
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Treves, M.D., and N. Thorne Griscom, 
M.D., Children's Hospital Medical Center, 
Bostor, Massachusetts. 

Twenty-four cases of choledochal cyst 
were reviewed. Only 7 were definitively 
diagnosed preoperatively. I?! rose bengal 
scanning led to the highest percentage of 
cyst visualization (3 out of 4), but the 
study most helpful in suggesting the diag- 
nosis In a general way was the upper 
gastrointestinal series. 

Abnormalities detected by plain film 
roentgerograms, intravenous urography 
and the total body opacification effect, 
barium studies, intravenous cholangiogra- 
phy, arteriography, and technetium-sulfur 
colloid aad rose bengal scans were shown. 
Roentgenographic techniques of postopera- 
tive study were also illustrated. 

Choletese—a New Contrast Medium for 
Intraveazus Cholangiography and Cholecys- 
tography. E. Nicholas Sargent, M.D., Andre 
Schulman, M.D., Harvey I. Meyers, M.D., 
Richard B. Guttler, M.D., John T. Nico- 
loff, M.D., and Louis DiFazio, Ph.D., Los 
Angeles Countv, University of Southern 
California Medical Center, Los Angeles, 
California. 

Prelix nary experience and results with 
the use of Cholevue (meglumine 10doxa- 
mate) fc- intravenous cholangio-cholecys- 
tography were presented. Meglumine 
iodoxamate (40 per cent) in its present 
formulation is lower in bound iodine con- 
tent than the formulation of meglumine 
iodopam de (52 per cent). Extensive clinical 
and laboratory monitoring have shown no 
significar t adverse effects. 

Opacif zation of the bile ducts occurs 
following the end of the injection time (10 
minutes) and opacification of the gall- 
bladder occurs 30 to 60 minutes following 
the end cf the injection. Roentgenographic 
visualiza3on of the biliary ducts and gall- 
bladder was excellent and prolonged. 
Further control studies comparing meglu- 
mine locopamide to meglumine iodoxamate 
are beirg conducted, as this preliminary 
study se:med to indicate that the new 
contrast medium provides visualization 
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far superior to cholografin. 

A Comparative Study of Home Adminis- 
tered Bowel Cleansing Agents for Outpatients 
Scheduled for Roentgenography. Jirair N. 
Sarian, M.D., Los Angeles, California. 

Outpatient diagnostic roentgenology 
requires a simplified patient administered 
bowel preparation at home. The success 
previously achieved with a standardized 
senna concentrate powder as a single-dose 
evacuant for roentgenographic preparation 
led to the present study of a liquid extract 
of senna fruit. 

In this study 98 patients (56 male and 
42 female) ranging in age from 19 to 86 
years were prepared for the various roent- 
genographic procedures by the administra- 
tion of a prescribed dose of liquid senna ex- 
tract the afternoon prior to the roentgen 
procedure. Data were presented on the 
quality of the visualization obtained and 
the incidence of abdominal griping and 
nausea. 

Splenic Circulation: Normal and Path- 
ologic. James H. Scatliff, M.D., Otis N. 
Fisher, M.D., and W. Bonner Guilford, 
M.D., University of North Carolina, School 
of Medicine, Chapel Hill, North Carolina. 

A canine model was developed for analy- 
sis of the normal splenic angiogram and 
alterations produced by trauma, infarction, 
and simulated intrinsic and extrinsic masses. 

In vivo and specimen injection studies 
showed two phases of splenic circulation, 
lymphoidal and sinusoidal. Magnification 
arteriography, microradiography and cor- 
rosion casts demonstrated this circulation, 
particularly the marginal sinus vascularity 
of the malpighian corpuscles. Disturbances 
in this circulation in the animal model as 
well as correlative clinical examples in the 
entities listed were shown. 

Retroperitoneal Masses in Children (Ex- 
cluding Those of Renal Origin). Robert F. 
Scheible, M.D., Robert T. Bramson, M.D., 
and William H. McAlister, M.D., Mal- 
linckrodt Institute of Radiology, SE. ES 
Missouri. 

Roentgenographic evaluation of the 
retroperiteneal space includes plain film 
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roentgenography, tomography, venography 
and u-ography, retroperitoneal pneumo- 
graphy, and arteriography. Manifestations 
of retroperitoneal masses in children were 
presenced with an emphasis on the less 
commc n disease entities. 

Lesions arising from the pancreas in- 
clude pseudocysts and the rare carcinoma 
of the pancreas. Adrenal lesions include the 
commen neuroblastomas as well as the 
unusue! functioning adrenal tumors. 
Masses of mesenchymal origin are varied, 
ranging from abscess and hemorrhage to 
unusuz! tumors such as lipomas, lym- 
phangiomas, hemangiomas, rhabdomyosar- 
comas and lymphomas. Teratomas and 
antericr meningoceles are lesions of embry- 
onic origin. Nonretroperitoneal lesions, 
such as hepatoblastoma may also present 
in the retroperitoneal space. 

Early Clinical Experience with the ACTA 
(Automatic Computerized Transverse Axial) 
Tomog-aphic Scanner. Dieter Schellinger, 
M.D., Giovanni DiChiro, M.D., Stewart 
P. Axzlbaum, M.D., Homer L. Twigg, 
M.D., and Robert S. Ledley, Ph.D., 
Georgetown University Medical Center, 
Washington, D. C. 

An alternative method of computerized 
axial tomography has been achieved with 
a new device. The ACTA scanner permits 
the study of any body part. 

Normal and pathologic ACTA scans of 
the head and brain, neck and spinal cord, 
chest, 3bdomen and limbs were presented. 

Stress Injuries and Developmental Changes 
of Lower Extremities. Harold J. Schneider, 
M.D., Athena Y. King, M.D., and Edward 
H. Miller, M.D., University af Cincinnati, 
School af Medicine; Cincinnati, Ohio. 

Roentgenograms of lower extremities of 
64 professional ballet dancers were re- 
viewed. A variety of abnormalities were 
seen, some similar to those found in other 
athletes, but, in addition, specific ab- 
normahties not observed in other groups 
were noted. 

These specific findings included: cortical 
hypert-ophy of the long limb and first 3 
metatarsal bones; multiple stress fractures 
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of the femoral neck and tibia; and talar 
notch and spur. This group of findings was 
sufficient to identify the ballet dancer. 

Improved Operative Cholangiography. 
Fred C. Shipps, M.D., Good Samaritan 
Hospital and Medical Center, Portland, 
Oregon. 

This Exhibit was presented to stimulate 
radiologists to review the quality of opera- 
tive cholangiography as it exists in their 
hospital. 

It demonstrated how quality improve- 
ment in one institution preceded reduction 
in "missed stones,” and also preceded con- 
vincing many of the surgeons of the value 
of routine operative cholangiography. The 
basic requirements of quality operating 
room cholangiography with a portable x- 
ray machine were covered. A new technique 
and new apparatus were presented. 

Peripheral Vascular Perfusion Scanning. 
Michael E. Siegel, M.D., Frank A. Giargi- 
ana, Jr., M.D., Robert I. White, Jr., M.D., 
Buck A. Rhodes, Ph.D., Barry H. Fried- 
man, M.D., and Henry N. Wagner, Jr., 
M.D., The Johns Hopkins Medical Insti- 
tution, Department of Radiology and 
Radiological Science, Baltimore, Maryland. 

Arteriography is essential in providing 
detailed morphologic data on large vessel 
disease of the extremities. With scintillation 
scanning of the distribution of an intra- 
arterial injection of radioactive albumin 
microspheres, one can also evaluate the 
physiologic effect on the relative distribu- 
tion of perfusion of the arteriographically 
demonstrable, as well as small vessel 
disease. 

In analysis of over 100 scans, § distinct 
patterns were noted and correlated with 
the arteriographic findings. They were: 
the normal pattern; focal large vessel 
disease; diffuse small vessel disease; multi- 
focal disease; hyperemia in ischemic ulcer 
disease; and hyperperfusion in osseous 
disease of the extremity. 

A summary of the conclusions was as 
follows: (1) perfusion scanning may be the 
only objective abnormality in patients 
with small vessel disease; (2) the presence 
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and degree of hyperemic response found 
by evaluazing the perfusion scan in patients 
with an ischemic ulcer are excellent prog- 
nostic inc:cators of healing ability; (3) rela- 
tive perfusion distribution can be used to 
optimize amputation level selection; and 
(4) changes in relative perfusion may offer 
objective data for optimizing the choice 
of a recor structive surgical approach. 
Femoraé Head Scintigraphy and Avascu- 
lar Necrosis. Robert C. Stadalnik, M.D., 
Gerald L DeNardo, M.D., Richard L. 
Riggins, M.D., Robert D’Ambrosia, M.D., 
and Sally J. DeNardo, M.D., Sacramento 
Medical Center of University of Cali- 
fornia, D=vis, Sacramento, California. 
Early diagnosis of avascular necrosis of 
the femoral head is important in reducing 
the mork dity of this disease. Radioiso- 
topic techniques with a "bone-localizing" 
radiopharmaceutical represent a potential 
method fcr determining the vascularity of 
the femo-al head. The use of F!5 and a 
commercial scintillation camera with posi- 
tron detector in coincidence mode for 
tomographic effect permitted the detection 
of radioactivity in the femoral head of 
dogs and human patients. Thirteen pa- 
tients hac acute fracture of the femoral 
neck, anc 4 patients had painful arthritis 
due to am earlier fracture. Scintigraphy 
showed absent radioactivity in the femoral 
head of ro patients, normal radioactivity 
in 5, and increased radioactivity in 2 pa- 
tients. These results correlated with the 
results of aistology and tetracycline fluores- 
cent labe. ng in all instances and confirm 
that F'8 d stribution is an indicator of blood 
flow to bone. Normal or increased radio- 
activity mdicated the presence of blood 
flow, decreased or absent radioactivity 
indicated an absence of blood flow. Random 
studies with F!5 using the scintillation 
camera w th parallel or pinhole collimator, 
proved tc be less satisfactory than the 
scintillaticn camera with positron detector. 
Current studies with the scintillation cam- 
era with low energy converging collimator 
and Tc??* diphosphonate suggest that the 
latter method is the simplest and as ac- 
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curate as the former methods. 

Spectrum of Roentgenographic Findings in 
Antibiotic-Related Pseudomembranozs Co- 
litis; Robert J. Stanley, M.D., G. Leland 
Melson, M.D., and Francis J. Tedesco, 
M.D., Mallinckrodt Institute of Radiology, 
Washington University School of Medicine, 
St. Louis, Missouri. 

The Exhibit illustrated the diagnostic 
roentgenographic features of antibiotic re- 
lated pseudomembranous colitis and the 
gross and colonoscopic appearance. Roent- 
genographic techniques designed to en- 
hance the visualization of the charzcteris- 
tic mucosal lesions were included. Data 
from a prospective study on 200 patients 
administered a course of cleocin were in- 
cluded. Ten per cent developed biopsy 
proven pseudomembranous colitis. When 
the antibiotic was stopped early in the 
course of diarrhea, the clinical cou-se im- 
proved over a 7 day period. If the ccurse of 
antibiotic was completed or the antibiotic 
was continued after diarrhea had started, 
the patient's course was protracted and 
complicated by secondary hypokalemia, 
volume depletion, and hypoalbuminia. No 
deaths were encountered. 

Pseudomembranous colitis is a self limit- 
ing disease when detected early and when 
the antibiotic is stopped immediately. 

Roentgenology of Congenital Vascular 
Malformations of the Extremity. Tom W. 
Staple, M.D., and Johnny Bliznak, M.D., 
Mallinckrodt Institute of  Raciology, 
Washington University School of Medicine, 
St. Louis, Missouri. 

The Exhibitors reviewed their experi- 
ences with 18 cases of congenital vascular 
malformations of the extremity. They were 
classified to offer a systematic approach to 
roentgenologic diagnosis. 

The roentgenologic classifications in- 
cluded: (1) localized arteriovenous malfor- 
mation; (2) diffuse arteriovenous mal- 
formation; (3) small vessel malformation; 
and (4) venous malformation. The first 3 
groups required arteriography and the last 
venography. Historical and phvsical find- 
ings needed to choose correct filming and 
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injection techniques were listed and illus- 
trated with examples. Surgical and clinical 
follow-ups were provided. 

Computer Screening of Brain Scans. 
Richard S. Steffens, Jr., M.D., James L. 
Lehr, M.D., Lewis J. Garrotto, M.D., 
Thomas A. Verdon, M.D., and Mary M. 
Kazmierzsak, University of Missouri- 
Columbia, Columbia, Missouri. 

The Exhibitors studied 185 patients 
representing 712 separate scintigrams in 
evaluating the computer as an aid to the 
physician in brain scan interpretation. 
These were digitized by a SEL 840 A dis- 
sector camera and processed with an IBM 
360-50 computer. Intensity histograms 
were constructed, the brain area was 
evaluated by combined chain code and 
unique region techniques. Lesions were 
evaluated by area, centroids and location. 
The final product was a view-by-view 
printout of the computer's interpretation. 
In detection of positive cases, physician 
accuracy was 71 per cent and computer 
accuracy was 66 per cent. Combined ac- 
curacy was go per cent. Utilization of the 
computer for a "second look" maximized 
brain scan detection efficiency. 

4 New Cardiac Pacemaker and Valve 
Identification Chart. Robert M. Steiner, 
M.D., Dryden P. Morse, M.D., Gerald 
Lemole, M.D., and Joel H. Shapiro, M.D., 
Institution Deborah Heart and Lung 
Center, Browns Mills, New Jersey. 

Pacemaker Identification and Cardiac 
Valve Identification Charts were pre- 
sented. The Exhibitors believe that this 
material is of great value to the clinician 
and the radiologist in proper identification 
of the type of cardiac valves and pace- 
makers on the plain film chest roentgeno- 
gram. Because of the mobility of our popu- 
lation, many patients are seen after the 
valve or pacemaker has been implanted. 
These charts would facilitate the early 
identification of the type and character of 
the pacemaker or valve in such patients. 

Renal Tumor Diagnosis by Contrast 
Medium Spread Patterns Following Ante- 
grade Injection. G. Melvin Stevens, M.D., 
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and Roger J. Jackman, M.D., Palo Alto 
Medical Clinic, Palo Alto, California. 

Contrast medium spread patterns fol- 
lowing antegrade injection of renal tumors 
provide a reliable method of differentiation 
from renal cysts and normal parenchyma. 
This method is particularly useful for the 
identification of avascular or relatively 
avascular tumors, where angiography and 
nephrotomography are of limited usefulness. 
Evidence refuting the potential hazard of 
tumor dissemination was discussed. Typical 
contrast material spread patterns in a 
variety of benign and malignant neoplasms, 
hemorrhagic renal cysts, normal paren- 
chyma and perinephric tissue were demon- 
strated. Experience with this technique 
consisted of iz vivo or specimen injections 
of 30 renal tumors. 

Mass Screening for Early Breast Cancer. 
Philip Strax, M.D., Guttman Institute, 
New York, New York. 

Results of mass screening involving 
Over 40,000 examinations from 1971 to 
1973 for earlier detection of breast cancer 
were presented. Examinations involved a 
tandem approach of interview, clinical ex- 
amination, mammography and thermog- 
raphy. The contribution of each modality 
to the yield was evaluated. 

The advantages of periodic examination 
and the potential of mass screening pro- 
grams for breast cancer were stressed. 

Instrumental Perforation of the Esopha- 
gus. Michael A. Sullivan, M.D., B. Eugene 
Berry, M.D., and William A. Ferrante, 
M.D., Ochsner Clinic, New Orleans, Louisi- 
ana. 

Perforation of the esophagus during 
medical instrumentation is becoming more 
and more frequent with the increasing 
variety of endoscopic equipment. Certain 
roentgenographic findings which predis- 
pose or make perforation more likely were 
demonstrated and the radiologist was en- 
couraged to report them so that the endo- 
scopist could be forewarned. 

The various roentgenographic manifesta- 
tions of instrumental perforation of the 
esophagus were demonstrated and the im- 
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portance of the different types of examina- 
tions amd procedures in diagnosing instru- 
mental perforation of the esophagus were 
stressec. 

If the diagnosis of instrumental esopha- 
geal pe-^ration is made quickly and the 
site of perforation demonstrated, surgical 
correction can include a definitive repair 
of the u-derlving primary esophageal ab- 
normality. 

The Neonatal Chest (Uncommon Findings 
in Common Disease). Leonard E. Swis- 
chuk, M.D., and Charles J. Fagan, M.D., 
Department of Radiology, University of 
Texas Medical Branch, Galveston, Texas. 

Common conditions such as hyaline 
membrane disease, TRDN—wet lung syn- 
drome, lobar emphysema, and pneumo- 
thorax, etc., can present with unusual and 
puzzling roentgenographic findings. Often 
these are unexpected and may be so puz- 
zling thet diagnosis is delayed or never 
made. 

Amorg the problems covered in this 
Exhibit were: (1) which bubbles in hyaline 
membrzer2 disease represent interstitial 
emphysema and which represent dilated 
alveolar ducts and terminal bronchioles?; 
(2) the varied patterns of congenital lobar 
emphysema, hyperlucent, opaque, and 
cystic; (:) the varying patterns of the 
TRDN—wet lung syndrome, classic 
streaky lungs, nodular pneumonia-like 
lungs; (4) congenital lobar emphysema 
presenting as pneumothorax; (5) the hy- 
perlucer t hemithorax and cloaking signs of 
pneumotorax; and (6) patent ductus 
arteriosus in premature infants, with and 
without respiratory disease. 

The Complications and Causes of Cardiac 
Pacemarer Failure. Charles John Tegt- 
meyer, M.D., University of Virginia, Med- 
ical Center, Charlottesville, Virginia. 

Surgical implantation of a pacemaker to 
stimulate the heart is a well-established 
procedure. After a pacemaker has been 
installec, the physician’s attention is di- 
rected not only to the patient's illness, but 
also to tae frailties of the pacemaker. 

Roentgenograms are a valuable resource 
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which can be used to predict pacemaker 
failure and to detect its causes. Roentgeno- 
grams depicting the complications and 
causes of pacemaker failure were presented. 

Anal-Rectal Malformations and the Ra- 
diologist. William M. Thompson, M.D., 
Michael Oliphant, M.D., and Herman 
Grossman, M.D., Duke University Med- 
ical Center, Durham, North Carolina. 

Patients with congenital ano-rectal mal- 
formations have been perplexing problems 
to pediatricians, surgeons, and radiologists. 
The information needed in these patients is 
to know the level at which the gastroin- 
testinal tract ends, and the status of the 
urinary tract and spine. 

A simplified combined clinical and roent- 
genographic approach was illustrated. 

If the gastrointestinal tract opens on 
the perineum, in the raphe of the scrotum 
or penis, or the vestibule of the introitus, 
the opening can be visualized by physical 
examination. These lesions are surgically 
treated by a “cut back" or a perineal pro- 
cedure. All other lesions require colosto- 
mies and, at a later date, repair by an ab- 
lominal perineal procedure. 

The value and limitations of inverted 
abdominal roentgenograms, retrograde ure- 
thrograms, vaginograms, and fistulograms 
were illustrated. The types of genitourinary 
and spine abnormalities were discussed. 

Male Gonadal Shielding in Diagnostic 
Radiology. John C. Villforth, M.S., William 
5. Cole, M.D., Joseph S. Arcarese, M.S., 
and Samuel Sperling, M.S., Bureau of 
Radiological Health, Food and Drug Ad- 
ministration, Rockville, Maryland. 

The use of gonadal shielding is an im- 
portant radiation protection technique, in- 
tended to reduce unnecessary radiation ex- 
posure of the gonads of patients from cer- 
tain diagnostic roentgenologic procedures. 

The Exhibit covered the significance of 
roentgen-ray exposure to the gonads; which 
diagnostic examinations should include 
gonadal shielding; what types of gonadal 
shields are available; and how effective are 
they in reducing patient exposure? 

Population Exposure to X-Rays, 19064 and 
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1970 Studies. J. C. Villforth, W. S. Cole, 
P. Roney, and S. Sperling, Bureau of Ra- 
diological Health, Rockville, Maryland. 

Infraglottic and Tracheal Lesions in In- 
fants and Children. Alfred L. Weber, M.D., 
and Sandra Sue Kramer, M.D., Massa- 
chusetts Eye and Ear Infirmary and Mas- 
sachusetts General Hospital, Boston, Mas- 
sachusetts. 

This Exhibit presented infraglottic and 
tracheal lesions seen at the Massachusetts 
Eye and Ear Infirmary and Massachusetts 
General Hospital in the last several years. 
The different types of examinations done 
for evaluation of the trachea and larynx 
were presented. 

Lesions shown were congenital tracheal 
stenosis; traumatic stenosis; granuloma; 
and benign tumors such as subglottic 
hemangioma and fibroma. Lesions that 
compress the trachea extrinsically such as 
vascular anomalies and tumors were pre- 
sented. 

The Empty Orbit. John Powell Williams, 
M.D., P. Noel Connaughton, M.D., Henry 
F. W. Pribram, M.D., and John B. Hearn, 
M.D., University of Maryland Hospital, 
Baltimore, Maryland. 

The empty orbit or blank eye refers to 
that roentgenographic appearance caused 
by absence of all or part of the posterior 
orbital wall. Despite absence of the usual 
landmarks and a decrease in bone, the in- 
volved eye may appear increased in density 
due to proptosis. This appearance is classi- 
cally seen in the bony dysplasia of neuro- 
fibromatosis, but may result from malig- 
nant or benign intraorbital or intracranial 
tumors and some systemic diseases. 

The Exhibitors listed many causes of the 
empty orbit, the etiology of which depends 
upon biopsy, previous history (including 
surgical history), and trauma. 

Macrophalangeal Fibrolipomatosis (M.P. 
PF.L.). Issa Yaghmai, M.D., and Frank 
McKowne, M.D., Medical College of Vir- 
ginia, Richmond, Virginia. 

This condition has previously been de- 
scribed as macrodactyly, megalodactyly, 
macrodystrophia lipomatosa, dactylomeg- 
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aly and local gigantism. M.P.F.L. is a 
form of macrodactyly noticed soon after 
birth and usually affects multiple ad- 
jacent digits. Roentgenograms show bony 
enlargement mainly in phalangeal regions 
with thickening soft tissue predominantly 
of fat density mixed with bands of denser 
connective tissue. The etiology is obscure 
but may be related to fibro-fatty tumors 
impinging on nerves supplying the en- 
larged digits which are often found at 
surgery. It is a benign condition of un- 
known etiology that can be diagnosed 
easily by plane roentgenograms. The term 
M.P.F.L. describes the findings roent- 
genographically and pathologically. 

Normal Variations and Lesions of the 
Sphenoid Sinus. Heun Y. Yune, M.D., 
Robert Holden, M.D., and John A. Smith, 
M.D., Indiana University Medical Center, 
Indianapolis, Indiana. 

The sphenoid sinus is involved in vari- 
ous anomalies and diseases in both pri- 
mary and secondary fashion. A wide spec- 
trum of positive roentgenographic signs 
is associated with many of these conditions, 
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some of which are fairly characteristic of 
the lesion. 

A collection of these positive roentgeno- 
graphic sxgns in common and rare lesions 
was pres2z ted. 

General Case of the Day. G. Melvin 
Stevens, M.D., and Roger J. Jackman, 
M.D., Palo Alto Clinic, Stanford Uni- 
versity, 3-anford, California. 

A challenging adult roentgenologic diag- 
nostic prcblem was presented daily, with 
awards fo- correct diagnoses posted on the 
following cays. 

Pediatrw Case of the Day. John Gwinn, 
M.D., and Fred A. Lee, M.D., Children’s 
Hospital. Los Angeles, California. 

A different pediatric case was presented 
each day. The history and pertinent roent- 
genograms permitted a single diagnosis. 
The answer was given the following day 
with a d scussion and color demonstration 
of the patkology. A reward was given to all 
correct dicgnosticians. 


James F. Martin, M.D. 
Chairman, Committee on 
Scientific Exhibits 
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THE TECHNICAL EXHIBITS 


The Technical Exhibits of the Seventy- 
fifth Annual Meeting of the American 
Roentgen Ray Society, were held at the 
San Francisco Hilton Hotel, San Francisco, 
California, September 24-27, 1974. 

The individual displays were prepared 
with utmost care and they represented 
a dazzling array of the most recent modi- 
fications and improvements made in radi- 
ologic equipment and important ancillary 
devices, thereby enhancing immeasurably 
the attractiveness of the Annual Meeting 
as a whole. 

The Society wishes to express sincere 
thanks to the following firms which parti- 
cipated in this year’s Technical Exhibits: 

AGA Corporation, Secaucus, New Jer- 
sey; Atomic Energy of Canada Limited, 
Ottawa, Ontario, Canada; Barnes-Hind 
Pharmaceuticals Inc., Sunnyvale, Cali- 
fornia; Bar-Ray Products, Inc., Brooklyn, 
New York; Becton-Dickinson, Rutherford, 
New Jersey; CGR Medical Corporation, 
Baltimore, Maryland; Cook, Incorporated, 
Bloomington, Indiana; Cordis Corpora- 
tion, Miami, Florida; Coreco Research 
Corporation, New York, New York; Lester 
A. Dine Inc., New Hyde Park, New York: 
Du Pont Company, Wilmington, Dela- 
ware; Eastman Kodak Company, Roches- 
ter, New York; Eimac, Division of Varian, 
Salt Lake City, Utah; Elecath, Rahway, 
New Jersey; Elema-Schonander, Inc., Elk 
Grove Village, Illinois; Encyclopaedia Bri- 
tannica, Inc., Chicago, Illinois; Eureka 
X-Ray Tube Company, Chicago, Illinois; 
E-Z-EM Company, Inc., Westburv, New 
York; Flow Pharmaceuticals, Inc., Palo 
Alto, California; Fluitron Company, 
Elyria, Ohio; GAF Corporation, New York, 
New York; General Electric Company, 
Medical Systems Division, Milwaukee, 
Wisconsin; Grumman Health Systems, 


Bethpage, New York; Hewlett-Packard, 
McMinnville, Oregon; Ilford Inc., Pa- 
ramus, New Jersey; Katum Corporation, 
Longmont, Colorado; Kilgore Interna- 
tional, Coldwater, Michigan; Liebel-Flars- 
heim Company, Cincinnati, Ohio; J. B. 
Lippincott Company, Philadelphia, Penn- 
sylvania; LogEtronics Inc., Springfield, 
Virginia; Low X-Ray, Valhalla, New 
York; Machlett Laboratories, Inc., Stam- 
ford, Connecticut; Mallinckrodt, St. Louis, 
Missouri; Medi-Physics, Inc., Emeryville, 
California; Medi-Tech Division, Cooper 
Scientific Corporation, Watertown, Massa- 
chusetts; Medrad, Incorporated, Pitts- 
burgh, Pennsylvania; Metrix, Inc., Denver, 
Colorado; C. V. Mosby Company, St. 
Louis, Missouri; N & H Instruments, Inc., 
Carrollton, Texas; Neutron Products, Inc., 
Dickerson, Maryland; Pako Corporation, 
Minneapolis, Minnesota; Philips Medical 
Systems, Inc., Shelton, Connecticut; Picker 
Corporation, Cleveland, Ohio; Procter & 
Gamble Dist. Company, Cincinnati, Ohio; 
The Purdue Frederick Company, Norwalk, 
Connecticut; S & S X-Ray Products Inc., 
Brooklyn, New York; Sakura Medical 
Corporation, Elmwood Park, New Jersey; 
W. B. Saunders Company, Philadelphia, 
Pennsylvania; Frank Scholz X-Ray Cor- 
poration, Needham Heights, Massachu- 
setts; Siemens Corporation, Iselin, New 
Jersey; Spectrum X-Ray Corporation, 
Westville, New Jersey; E. R. Squibb & 
Sons, Inc., Princeton, New Jersey; Tech- 
nical Innovator, Clifton, New Jersey; 
Charles C Thomas, Publisher, Springfield, 
Illinois; The Williams & Wilkins Company, 
Baltimore, Maryland; Winthrop Labora- 
tories, New York, New York; Xcelray, 
Sacramento, California; Xerox Corpora- 
tion, Pasadena, California; Year Book 
Medical Publishers Inc., Chicago, Illinois. 
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NEWS 


AMERICAN ROENTGEN RAY SOCIETY 
Elects New Officers 


At the Seventy-fifth Annual Meeting of 
the American Roentgen Ray Society, held 
at the San Francisco Hilton Hotel, San 
Francisco, California, September 24-27, 
1974, the following officers were elected for 
1974-1975: President, Colin B. Holman, 
M.D., Rochester, Minn.; President-Elect, 
Ted F. Leigh, M.D., Atlanta, Ga.; z5/ 
Vice-President, Seymour F. Ochsner, M.D., 
New Orleans, La.; 2nd Vice-President, 
Richard H. Marshak, M.D., New York, 
N. Y.; Secretary, James Franklin Martin, 
M.D., N. C. Baptist Hospital, Winston 
Salem, N. C. 27103; Treasurer, J. D. Cal- 
houn, M.D., coo S. University Ave., Little 
Rock, Ark. 72205. 

Chairman, Executive Council, Melvin M. 
Figley, M.D., University Hospital, Seattle, 
Wash. 98195. 

New Member, Executive Council, J. P. 
Tampas, M.D., Burlington, Vt. 

Seventy-sixth Annual Meeting, Marriott 
Hotel, Atlanta, Ga., Sept. 3o-Oct. 3, 1975. 


SOCIETY FOR PEDIATRIC RADIOLOGY 


The Society for Pediatric Radiology at 
its Annual Meeting has elected the follow- 
ing officers for 1974-1975: 

President: John L. Gwinn, M.D., Los 
Angeles, Calif.; President-Elect: Lawrence 
A. Davis, M.D., Louisville, Ky., Secretary- 
Treasurer: John P. Dorst, M.D., The 
Johns Hopkins Hosp., Baltimore, Md. 
21205. 

The next Annual Meeting will be held at 
the Marriott Hotel, Atlanta, Ga., Septem- 


ber 29-30, 1975. 


PRESIDENT’S AWARD OF THE AMERICAN 
ROENTGEN RAY SOCIETY 

The American Roentgen Ray Society 

will sponsor an annual award for the most 

outstanding paper submitted on a clinical 

application of radiology. The resident 
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may be che sole author or may work 
in conjanction with others; in the latter 
case, it 1s expected that he will have per- 
formed the majority of the work and be 
the sen or author. The paper will be pre- 
sented at the Annual Meeting of the 
Americen Roentgen Ray Society and will 
be submit-ed for publication to the Am. J. 
RoEeNTC ExOL., Rap. THERAPY & NUCLEAR 
Mep. The paper should not exceed 5,000 
words end illustrations should be limited 
to IO. 

The wmner will be presented with a 
certificate entitled “The . President's 
Award" and receive an honorarium of 
$1,000. 

Three copies of the paper and illustra- 
tions should be submitted no later than 
May 1, 1975, to M. Paul Capp, M.D., 
Chairman, Research and Educational Com- 
mittee, American Roentgen Ray Society, 
Univers ty of Arizona School of Medicine, 
Tucson, Arizona 85721. 

The winner will be announced by July 
15, 197c. Manuscripts of unsuccessful can- 
didates wil be returned. 


NEWBCR* RADIOLOGY SEMINAR/ASPEN 


The University of Colorado School of 
Medicine :5 pleased to announce the Third 
Annual Newborn Radiology Seminar to be 
held at the Given Institute of Pathobiology 
in Aspen, Colorado, February 10-15, 1975. 

The Seminar covers all aspects of Neo- 
natal Radiology, including the latest ad- 
vances m -he field. The Guest faculty in- 
cludes: Drs. George R. Barnes, Jr., John 
L. Gwinn, and Andrew K. Poznanski, plus 
other participants. 

The Serrinar is approved for Category I 
credit fcr the A.M.A. Physicians Recogni- 
tion Aware. 

Reservations and further information 
may be obtained by writing to: The Office 
of Postgraduate Medical Education, Uni- 
versity of Colorado School of Medicine, 
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4200 East gth Avenue, Denver, Colorado 
80220. 


ASPEN SEMINAR ON DIAGNOSTIC 
RADIOLOGY OF THE 
URINARY TRACT 

The Fourth Seminar on Uroradiology, 
sponsored by the Department of Radiol- 
ogy, Louisiana State University School of 
Medicine in Shreveport, will be held at 
Paepcke Auditorium, Aspen Institute for 
Humanistic Studies, Aspen, Colorado, Feb- 
ruary 23-27, 1975. 

The Guest Faculty includes Drs. John 
A. Evans, Leon Love, Tom Meaney, Fatol- 
lah K. Mostofi, Alphonse Palubinskas, 
Richard C. Pfister, Harry Schoenberg, 
Russell Scott, Keith Waterhouse, Willet F. 
Whitmore, Jr., and the Faculty of the De- 
partments of Radiology and Urology, LSU 
School of Medicine, Shreveport, Louisiana. 

This course qualifies as an approved 
program of continuing medical education. 
This accreditation enables the physician 
to qualify for 20 credit hours tcward the 
Physicians Recognition Award of the 
American Medical Association. It is also 
acceptable for elective credit by the Ameri- 
can Academy of Family Physicians. 

For further information, please contact: 
The Program Director, Erich K. Lang, 
M.D., Professor and Head, Department of 
Radiology, LSU School of Medicine in 
Shreveport, La. 


POSTGRADUATE COURSE IN 
NUCLEAR MEDICINE 

The Eleventh Annual Postgraduate 
Course sponsored by the Department of 
Radiology, Virginia Commonwealth Uni- 
versity-Medical College of Virginia will 
be held at the Williamsburg Conference 
Center in Williamsburg, Virginia, Feb- 
ruary 24-28, 1975. 

This course will provide up-dated infor- 
mation on a wide variety of topics in clin- 
ical nuclear medicine. It is designed for the 
practicing radiologists and the interested 
allied physicians in other specialties. The 
program is accredited by the American 
Medical Association. 
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The Guest Faculty includes Drs. James 
J. Conway, Frank H. DeLand, Leonard 
M. Freeman, C. Craig Harris, Paul B. 
Hoffe-, Henry N. Wagner, Jr., and the 
memters of the faculty of the Medical 
College of Virginia. 

Attendance is limited to 250 registrants, 
and the applications for the course must be 
received no later than February 1, 1975. 

For further information, please contact: 
Gary G. Ghahremani, M.D., MCV Sta- 
tion, P. O. Box 728, Richmond, Virginia 
23298. 


RADIOLOGY /ASPEN 


The Fifth Annual Aspen Radiology 
Conference will be held at Aspen Institute 
for Fumanistic Studies, Aspen, Colorado, 
March 3-7, 1975. 

The topics for discussion will include 
advances in cardiovascular, gastrointesti- 
nal, bone and neuroradiology involving a 
tri-radiological approach. Each morning 
session will survey the advances in a single 
radiclogy subdivision as a refresher course 
with independent parallel diagnostic, nu- 
clear medicine and therapy sessions. In- 
structive cases, illustrating these topics and 
prev ewed by the audience, will be pre- 
sented for open discussion in the afternoons. 

Sessions will be held in the early morn- 
ing, late afternoon and evening, allowing 
adecuate time for leisure activities such as 
skiirg and other winter sports. 

The Faculty includes Drs. Stanley 
Baum, Frederick Bonte, Luther Brady, 
Duncan Burdick, Sam Carruthers, Marvin 
Daves, Gerald De Nardo, Henry Gold- 
berg, Alexander Gottschalk, Samuel Hell- 
man, William Hendee, Fred Hodges, Steve 
Holt, Eric Mayer, Will Nelp, Robert 
O’Mara, Theodore Phillips, Don Resnick, 
Philip Rubin, Bob Sanders, and John 
Stears. 

Tne Conference Chairman is Dr. Eman- 
uel 3alzman, and the Conference Director 
is Er. Maurice O'Connor, Denver General 
Hospital, University of Colorado. 

Registrants are requested to arrange for 
thei own housing. Especially selected 
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accommodations are being held for this 
conference. Reservations and information 
on all types of accommodations may be 
obtained by writing to: Reservations Man- 
ager, Post Office Box 1368, Aspen, Colo- 
rado 81611. 


RADIOLOGY OF THE GASTRO- 
INTESTINAL SYSTEM 


This Fifth in a series of Symposia of 
ACR, approved for credit, Category 1 (15 
hours) will be held in Las Vegas, Nevada, 
March 7-9, 1975. 

The Faculty includes Drs. Bernard S. 
Wolf, Thomas C. Beneventano, Arthur R. 
Clemett, Alexander R. Margulis, Richard 
H. Marshak, Morton A. Meyers, William 
B. Seaman, and Walter M. Whitehouse. 

All registrations and inquiries regarding 
these seminars should be sent to: The 
American College of Radiology, 6900 Wis- 
consin Avenue, Chevy Chase, Maryland 
2001 5. 


OPHTHALMOLOGIC RADIOLOGY: 
RADIOLOGY OF THE EYE, 
THE ORBIT AND VISION 


Columbia University College of Physi- 
cians and Surgeons will sponsor a course 
on radiology of the eye, the orbit and vision 
on Friday and Saturday, March 21 and 22, 
1975. 

The course wil deal with the radio- 
graphic diagnosis of conditions affecting 
the eye and vision, including the orbit, the 
paranasal sinuses and the sella turcica. 
The role of routine radiography and special 
procedures including tomography, ultra- 
sonography, angiography, venography, and 
dacrocystography will be presented. 

The Faculty includes Drs. Coleman, 
Grove, Kieffer, Hui, Potter, Tenner, Tret- 
ter, Trokel, Valvassori, and Zizmor. 

This course is accredited by the AMA 
Category 1 award for 14 hours. 

For further information, please write to: 
Dr. Guy D. Potter, Professor of Radiol- 
ogy, Columbia-Presbyterian Medical Cen- 
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ter, Director of the Course, 622 West 
168th Street, New York, New York 10032. 


POSTGRADUATE COURSE IN DIAGNOSTIC 
RADIOLOGY AND NUCLEAR MEDICINE 


The third annual symposium on “Prac- 
tical Advances in Diagnostic Radiology 
and Nuclear Medicine" will be held at the 
Turner Auditorium of the Johns Hopkins 
Medical Institutions on April 23-26, 1975. 

The program has been approved for 29 
hours of Category 1 Credit towards the 
certificate in Continuing Education of the 
American Medical Association. 

The Guest Faculty includes John R. 
Amberg, M.D., Hillier L. Baker, Jr., M.D., 
Morton A. Bosniak, M.D., Marie A. Capi- 
tanio, M.D., Robert H. Freiberger, M.D., 
Richard H Greenspan, M.D., Paul C. 
Kahn, M.D., and Manuel Viamonte, Jr., 
M.D. 

The Loczl Faculty includes Martin W. 
Donner, M.D., Henry N. Wagner, Jr., 
M.D., Stanley S. Siegelman, M.D., E. 
James Potchen, M.D., Fred J. Hodges, 
III, M.D., Robert I. White, M.D., Paul 
S. Wheeler, M.D., A. Everette James, Jr., 
M.D., Bob W. Gayler, M.D., Richard H. 
Heller, M.D., Kook Sang Oh, M.D., Jack 
W. Bowerman, M.D., Donald P. Harring- 
ton, M.D., Frederick P. Stitik, M.D., and 
Roger C. Canders, M.D. 

The cours: will consist of formal lectures, 
a pediatric quiz session, symposia on radio- 
logic equipment, early diagnosis of lung 
cancer, ultrasound-angiographic evaluation 
of pancreati- disease, and cardiac nuclear 
medicine. 

Registrants will be given an opportunity 
to meet in «mall groups with the faculty 
during workshops in Pediatric Radiology, 
Orthopedic Radiology, Computerized Re- 
porting, Cardiovascular Radiology, Chest 
Ultrasound, Nuclear Medicine, ENT, and 
Computerized Axial Tomography. 

For further information, please contact: 
Stanley S. S egelman, M.D., Division of 
Diagnostic Radiology, Johns Hopkins Hos- 
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pital, 601 North Broadway, Baltimore, 
Maryland 21205. 


NEW ORLEANS RADIOLOGY SOCIETY 


The New Orleans Radiology Society 
presents its Third Annual Spring Roentgen 
Conference at the Marriott Hotel, New 
Orleans, La., May 1-3, 1975. 

The Guest Faculty includes: Chest, E. 
Robert Heitzman, M.D., State University 
of New York, Upstate Medical Center, 
Syracuse, New York; Pediatrics, Edward 
B. Singleton, M.D., St. Luke’s Episcopal 
Hospital, Texas Children’s Hospital, Hous- 
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ton, Texas; G. I., Arthur R. Clemett, 
M.D., St. Vincent’s Hospital, Medical 
Center of New York, New York; Ultra- 
sounc, George R. Leopold, M.D., Uni- 
versity of California, San Diego University 
Hosp tal, San Diego, California; A.C.R. 
Activities, Robert E. Wise, M.D., Lahey 
Clinic Foundation, Boston, Massachusetts: 
and G.U., Anthony F. Lalli, M.D., Cleve- 
land Clinic, Cleveland, Ohio. 

For further information, please contact: 
Coleman Schneider, M.D., General Chair- 
man, P. O. Box 51706, New Orleans, 
Louis ana 70151. 
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BOOK REVIEW 








Basic SciENCE PRINCIPLES oF NvuctLEAR MEDI- 
cINE. Edited by Charles M. Boyd, M.D., 
Associate Professor of Radiology (Nuclear 
Medicine) and Medicine; Head, Division of 
Nuclear Medicine, University of Arkansas 
Medical Center; Chief, Nuclear Medicine 
Section, Veterans Hospital, Little Rock, 
Ark.; and Glenn V. Dalrymple, M.D., Pro- 
fessor and Chairman, Department of Radi- 
ology; Professor of Biometry, Physiology, 
and Biophysics, University of Arkansas 
Medical Center; Chief, Radiology Service, 
Veterans Hospital, Little Rock, Ark.; Pro- 
fessor of Medical Physics, University of 
Arkansas at Little Rock. Cloth. Pp. 272, 
with 253 illustrations. Price $21.00. C. V. 
Mosby and Company, 3301 Washington 
Boulevard, St. Louis, Mo., 63103, 1974. 


As Nuclear Medicine continues to grow, there 
is an increasing need for a book which ade- 
quately covers the basic science of the specialty. 
To a considerable extent, this need has been 
satisfied by “Basic Science Principles of Nu- 
clear Medicine" which represents the efforts of 
10 staff members of the Division of Nuclear 
Medicine of the University of Arkansas Medi- 
cal Center. The first chapter deals with princi- 
ples of mathematics in a lucid manner. How- 
ever, some topics included in this chapter ap- 
pear to go beyond the coverage of mathematical 
principles as necessary for an understanding of 
nuclear medical physics. On the other hand, 
the omission of statistical considerations might 
be a significant oversight in a book dealing with 
the fundamentals of Nuclear Medicine. Chap- 
ter 2 covers elements of physics which are 
pertinent in a treatise of "basic principles." 
For some readers, the inclusion of sections on 
motion, relativity and quantomechanics might 
be considered superfluous. 

The chapters on chemistry and tracer kinetics 
appear well conceived and appropriate. Like- 
wise, the chapters on radiation biology and 
health physics are pertinent, although a closer 


tie to medical nuclear physics may have been 
worthwhie. Also, the dosimetry section may 
have benef -ed from specific examples in radio- 
nuclide dosimetry. 

The chapters on electronics and nuclear 
instrumertation, including computer applica- 
tions, are very well done. 

This bcck is recommended reading for those 
desiring useful reference material relating to 
the basic science of nuclear medicine. 


Mere K. Loken, M.D., Px.D. 


BOOKS RECEIVED 


ATLAS OF CEREBRAL ANGIOGRAPHY WITH ANATOMIC 
CorreLaTion. By Margaret M. Waddington, 
M.D., Clinical Assistant Professor of Medicine 
(Neurolegy), Dartmouth Medical School, Han- 
over, N. E.; with a foreword by A. Bradley Soule, 
M.D., Department of Radiology, University of 
Vermon- College of Medicine. Cloth. Pp. 272, 
with 493 illustrations. Little, Brown and Com- 
pany, 34 Beacon Street, Boston, Mass., 1974. 


Occupational Heattu Hazarps. By G. Walker 
Daubenspeck. Cloth. Pp. 111. Price, $4.00. Ex- 
position Press, Inc., goo South Oyster Bay Road, 
Hicksville. N. Y. 11801, 1974. 


RaprioLocc TEcuNoLocv: A Furure ror You. By 
T. J. Jackson, M.H.A. Paper. Pp. 123, with some 
figures. Price, $3.95. The Tiresias Press, Inc., 116 
Pinehurst Avenue, New York, N. Y. 10033, 1974. 


RADIOLOG?CaL EXPLORATION OF THE VENTRICLES 
AND Su3aRACHNOID Space. By G. Ruggiero, J. 
Bories, A. Calabrò, G. Cristi, G. Scialfa, F. Smal- 
tino, and A. Thibaut. Cloth. Pp. 152, with 279 
illustrat aas. Price, $60.70. Springer-Verlag, New 
York, Inc, 175 Fifth Avenue, New York, N. Y. 
IOOIO, I9; 4. 


WiLLiIAM Davip CooLipGE: A CENTENARIAN AND 
His Were. By Herman A. Liebhafsky, General 
Electric Company, 1934-1967; Texas A & M Uni- 
versity, 1:67—. Cloth. Pp. 96, with some illustra- 
tions. Price, $6.95. John Wiley & Sons, Inc., Pub- 
lishers, 605 Third Avenue, New York, N. Y. 
10016, 1974. 
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SOCIETY PROCEEDINGS 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN RoEnTGEN Ray Society 
Secretary, Dr. James Franklin Martin, 300 S. Haw- 
thorne Rd., Winston Salem, N. C. 27103. Armual Meet- 
ing: Marriott Hotel, Atlanta, Ga., Sept. 3o-Cct. 3, 1975. 


AMERICAN RADIUM SOCIETY 
Secretary, Richard H. Jesse, Dept. of Surgery, M. D. 
Anderson Hosp. and Tumor Institute, Houston, Tex. 
77025. Annual Meeting: Americana Hotel, San Juan, 
Puerto Rico, May 4-9, 1975. 

RADIOLOGICAL Society or NORTH AMERICA 
Secretary, Dr. Hillier L. Baker, Jr., Mayo Cliric, Roches- 
ter, Minn. ssgor. Annual Meeting: Palmer House, Chi- 
cago, Ill., Dec. 1-6, 1974. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago, Ill. 60606. Annual meeting Portland- 
Hilton Hotel, Portland, Oregon, March 31-April 4, 1975. 

Section on RapioLoGv, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Antolin Raventos, Davis, Cæif. Annual 
Meeting: Atlantic City, N. J., June 15-19, 1975. 

AMERICAN Boanp or RaprioLocv 
Secretary, Dr. C. Allen Good. Correspondenc- should be 
directed to Kahler East, Rochester, Minn. z:9o1. 


Oral examinations will be held in the fol owing city 
during this year: Los Angeles, Calif., Dec. +13, 1974, 
International Hotel. 


Applications must be received in the Board Office 
before Sept. 30 of the year preceding the one i. which the 
candidate wishes to be examined. 

Deadline for filing applications for any examination in 
1975 was September 30, 1974. 

AMERICAN Boarp or NuctEAR Meoicing, Inc. A Conjoint 
Board of the American Boards of Internal Medicine, 
Pathology and Radiology and sponsored by he Society 
of Nuclear Medicine. 


Application forms and further informatior are avail- 
able from the American Board of Nuclear Medicine, 
305 E. 45th St., New York, N. Y. 10017. 

AMERICAN ASSOCIATION OF Puysicists IN MED CINE 
Secretary, Kenneth D. Williams, M.S., Dept. Radiol., 
Washington Hospital Center, 110 Irving 5t., N.W., 
Washington, D.C. 20010. Annual Meeting. 

AMERICAN SOCIETY OF THERAPEUTIC RADIOLOG STS 
Secretary, Dr. Robert W. Edland, 1836 South Ave., La 
Crosse, Wisc., 54601. Annual Meeting. 


AMERICAN NUCLEAR SOCIETY 
Program Chairman, Werner K. Kern, IED, Space 
Nuclear Systems, F 309, U. S. Atomic Energy Commis- 
sion, Washington, D.C. 20545. 

AMERICAN INsrrTUTE oF ULTRASOUND IN MEDICINE 
Secretary, John M. Reid, Ph.D., 556 18th Axe., Seattle, 
Wash. 98122. Annual Meeting. 


AMERICAN Society or NEURORADIOLOGY 
Secretary, Dr. David O. Davis, Department of Radiology, 
go1 Twenty-third St., N.W., Washington, D* C. 20037. 
Annual Meeting. 

FOURTEENTH INTERNATIONAL CoNcGnEss or Ra»roLocv 
Rio de Janeiro, Brazil in 1977. 


INTERNATIONAL SociETv or RADIOLOGY 
Hon. Secretary- Treasurer, Prof. W. A. Fuchs, M.D., De- 
partment of Diagnostic Radiology, University Hospital, 
Inselspital, CH-3010 Bern, Switzerland. 

ELEVENTH INTER-AMERICAN ConGress OF RADIOLOGY 
Counselor for the United States, Dr. Juan A. del Regato, 
Univ. of South Florida, Tampa, Fla. 

Secretery of Congress, Dr. Alberto Mejia, Apartado Aéreo 

$3737. Bogota 2, Colombia. Meeting: Feb. 16-21, 1975. 
NTER-AMERICAN COLLEGE OF RADIOLOGY 

Presiaent, Dr. Miguel Dao y Dao, Apartado Postal 

14213. Candelaria, Caracas, Venezuela, S.A. 

Secretery of Congress: Dr. Alberto Mejia, Apartado 

Aereo $3737, Bogota 2, Colombia, S.A. Meeting: Bogota, 

Colombia, Feb. 16-21, 1975. 

THIRD CONGRESS OF THE EUROPEAN ASSOCIATION OF 
RADIOLOGY 
Secretery General, P.O. Box 14, 79 Lauriston Place, Edin- 
burgh BHI IDB, Scotland, Meeting: June 22-27, 1975. 

SECOND ASIAN AND OCEANIAN ConGrEss OF RADIOLOGY 
Secretery, Dr. Buenaventura U. V. Angtuaco, Congress 
Secretariat Headquarters 2161 Taft Ave., Manila, Philip- 
pines. 

Meeting: Manila, Philippines, Nov. 10-14, 1975. 

ALABAMa CHAPTER OF ACR 
Secretery-Treasurer, Dr. Lawrence E. Fetterman, 1720 
Springhill Ave., Suite 201, Mobile, Ala. 36604. Meets 
time end place of Alabama State Medical Association. 

AL^sKA RapioLocicAL Society, CHAPTER ACR 
Secretery- Treasurer, Dr. Maurice J. Coyle, 3200 Provi- 
dence Ave., Anchorage, Alaska 99:04. 

AMERICAN OsTEOPATHIC COLLEGE or RADIOLOGY 
Annual Scientific Meeting: Americana Hotel, Bar Harbor, 
Fla. Program Administrator: Lawrence J. Jordan, D.O., 
Suite 21, Ponce American Bldg., 4601 Ponce de Leon 
Blvd., Coral Gables, Fla. 33146. 

AMERICAN THERMOGRAPHIC SOCIETY 
Secretery-Treasurer, John Wallace, Ph.D., Dept. Radiol., 
Thomas Jefferson Univ. Hosp., Philadelphia, Pa. 19107. 
Annuel Meeting. 

Arizona RapioLocicAL Society, CHaprer or ACR 
Secretery, Dr. Robert J. Johnson, 1603 N. Tucson Blvd., 
Tucson 85716. Two regular meetings a year. Annual 
meeting at time and place of State Medical Association 
and interim meeting six months later. 

Ark-La-Tex RaprorocicaAL Society 
Secretery, Dr. Erich K. Lang, Confederate Memorial 
Medical Center, LSU School of Medicine, Shreveport, 
La. 71801. 

ARKANSAS CHAPTER OF ACR 
Secretery-Treasurer, Dr. David H. Newbern, 4301 W. 
Markkan, Little Rock, Ark. 72205. Meets twice annu- 
ally, tae Spring Meeting being in conjunction with and 
at the place of the State Medical Association. 

AssociA7ION OF University RADIOLOGISTS 
Secretery- Treasurer, Dr. Mark M. Mishkin. The Gradu- 
ate Hosp., Univ. of Pennsylvania, Philadelphia, Pa. 
23rd Annual Meeting: San Diego, Calif., May 4-6, 
1975. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretery-Treasurer, Dr. Marshall J. Cantanzaro, Dept. or 
Radio., Northside Hosp., Atlanta, Ga. 30342. Meets on 
fourth Thursday evenings during the academic year ata 


* Secretaries of societies are requeste1 to send timely information promptly to the Editor. 
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time announced in early September of each year, at the 
Academy of Medicine, Atlanta, Ga., at 8:00 P.M. 

BAVARIAN-AMERICAN RADIOLOGIC SOCIETY 
Secretary, Maj. Marco J. DiBiase, M.D., Radiology 
Service, 130th Station Hosp., APO N. Y. og1o2. Next 
meeting Dec. «-8 in Nürnberg, Germany. 

BLockLey RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joseph H. Rosen, West Park 
Hospital, 3905 Ford Rd., Philadelphia, Pa. 19131. 

BLueGrass RapioLoGICAL SOCIETY 
Secretary-Treasurer, Dr. Eugene Slusher, Lexington 
Clinic, 1221 S. Broadway, Lexington, Ky. 40504. The 
Society meets once each month during the school year. 

Bronx RapioLocicar Society, New York STATE, CHAP- 
TER ACR 
Secretary-Treasurer, Dr. Leon J. Corbin, 1369 Rosendale 
Ave., Bronx, N. Y. 10472. Meets 4 times a year. 

BrooKxLYN RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joshua A. Becker, Downstate 
Medical Clin., 450 Clarkson Ave., Brooklyn, N. Y. 11203. 
Meets first Thursday of each month, October through June. 

BuFFALo RADIOLOGICAL SOCIETY 
Secretary, Dr. George J. Alker, Jr., E. J. Meyer Mem. 
Hosp., Buffalo, N. Y. 14215. Meets second Monday 
evening each month, October to May inclusive, at Uni- 
versity Club. 

CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. James R. Eltringham, Stanford 
Medical Center, Stanford, Calif. 94304. Meets semian- 
nually in San Francisco and Los Angeles. 

CALIFORNIA RADIOLOGICAL SOCIETY, CALIFORNIA CHAPTER 
of ACR 
Secretary-Treasurer, Dr. John L. Gwinn, 4650 Sunset 
Blvd., Los Angeles, Calif. 90027. 

CarAwBA VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Joe Jacumin, P.O. Box 265, 
Rutherford College, N. C. 28671. Meets the last Thurs- 
day of every month, Holiday Inn, Morganton, N. C. at 
7:30 P.M. 

CENTRAL New Yonk RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Alfred Brettner, Auburn Mem. 
Hosp., Auburn, N. Y. 13021. Meets first Monday each 
month October through May. 

CENTRAL Ou10 RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Daniel E. Lewis, Grant Hosp., 
Columbus, Ohio 43215. Meets second Thursday in 
October, November, January, and March 15, and May 
19 at Fort Hayes Hotel, Columbus, Ohio. 

CENTRAL Texas Rapio.ocy Society 
Secretary-Treasurer, Dr. John M. Stoebner, Scott and 
White Clinic, Temple, Tex. 76501. Meets the fourth 
Monday of each month at Ponderosa Hotel, Temple, 
Tex. at 7:00 P.M. 

Cuicaco RapioLtocicaL Society, Division oF 
ILLINoIs RADIOLOGICAL SociETY, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Harold J. Lasky, 55 E. Wash- 
ington St., Suite 1735, Chicago, Ill. 60602. Meets third 
Thursday of each month, October to April, except De- 
cember, at the Bismark Hotel, Chicago, Ill. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Charles M. Greenwald, 7007 
Powers Blvd., X-Ray Dept., Parma, Ohio 44129. Meet- 
ings at 7:00 P.M. on lourd Monday of October, Novem- 
ber, January, February, March and fifth Monday of April. 

CoroRApo RapioLocicaL Society, CHAPTER OF ACR 
Secretary, Dr. Jerome D. Sutherland, 3705 E. Colfax 
Ave., Denver, Colo. 80206. Meets third Friday of each 
gunt at Denver Athletic Club from September through 

ay. 

Connecticut VaLLey Rapriorocic Society 
Secretary, Dr. Gerald N. LaPierre, 759 Chestnut St., 
Springfield, Mass. 01107. Meets in April and October. 

DarLas-Fognr WonrH RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Richard C. Gasser, 15s0 W. 
Rosedale, Rm. 100, Ft. Worth, Tex. 76104. Meets the 
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3rd Mond v of every month at 6:30 P.M., at the Cibola 
Inn, Arl:nz ton, Tex. 

DELAWARE CHAPTER OF ACR 
Secretary, Dr. Seymour R. Kaplan, Kent Gen. Hosp., 
Dover, De!. 19901. 

East Bay Repio.LocicaL SOCIETY 
Secretary-7 reasurer, Dr. Robert L. Stein, 43 Dormidera 
Ave., Piedmont, Calif. 94611. Meets first Thursday each 
ao Oct. through May, at University Club, Oakland, 

alif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George H. Wood, 205 Medical 
Arts Bldg Knoxville, Tenn. 37902. Meets in January 
and September. 

Fioripa RACIOLOGICAL Society, CHAPTER OF ACR 
Secretary. Dr. Paul J. Popovich, 1350 S. Hickory St., 
Melbourne, Fla. 32901. Meets twice annually, in the 
spring wit" the annual State Society Meeting and in 
the fall. 

FLoniDA West Coast RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. James P. Ahearn, sor E. Buffalo 
Ave., Tam 9a, Fla. 33603. Meets on 4th Thursday of the 
months Jamuary, March, May, October, and November. 

GEonGciA Rapio.ocicaL Sociery, CHAPTER OF ACR 
Secretary, Dr. E. P. Rasmussen, Piedmont Prof. Bldg., 35 
Collier Rd, N.W., Atlanta, Ga. 30309. 

GREATER Ci*cixNATI RADIOLOGICAL SOCIETY 
Secretary-7 reasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cinannati, Ohio 45219. 

Greater Kassas Crry RADIOLOGICAL SOCIETY 
Presideni-secretary, Dr. Keith W. Gallehugh, Bethany 
Med. Center, Kansas City, Kans. Meets 5 times a year. 

GREATER Log:sviLLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

GREATER Miami RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert F. Conti, Holy Cross 
Hosp., Fert Lauderdale, Fla. 33308. Meets monthly, third 
Wednesda+ at 8:00 P.M. at various member hospitals, 
Miami, Fla 

GREATER Sr. Louis Society or RADIOLOGISTS 
Secretary-T-easurer, Dr. Donald Callahan, Northland 
Med. Bldg, Jennings, Mo. 63136. 

Hawa RapioLocicAL Society, CHAPTER OF ACR 
Secretary-T-easurer, Dr. Sidney B. W. Wong, Straub 
Clinic and Hosp., Honolulu, Hawaii 96813. Meets third 
Monday o each month at 7:30 P.M. 

HEALTH Prysics SOCIETY 
Secretary, Russell F. Cowing, P.O. Box 156, E. Wey- 
mouth, Mass. 02189. Annual Meeting. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Neill B. Longley, 6436 Fannin, Suite 601, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at 6:00 
P.M., at 123 Jesse H. Jones Library Building, Texas 
Medical Canter, Houston, Tex. 77025. 

IpaHo Stare RapioLocicaL Society, CHAPTER or ACR 
Secretary-T-easurer, Dr. John H. Truksa, 1605 Park Ave., 
Nampa, [c 83651. Meets in the spring and fall. 

ILLINors Rap oLoGicAL Society, Inc., CHAPTER or ACR 
Secretary, Dr. Robert D. Dooley, Hinsdale Med. Cen- 
ter, Hinsd: e, Ill. 60521. Meets in the spring and fall. 

INDIANA RorwTGEN Society, Inc., CHAPTER or ACR 
Secretary, Dr. John A. Knote, 716 Carrolton Blvd., 
West Lata-ette, Ind. 47906. 

Iowa Rapnior»cicar Society, CHAPTER OF ACR 
Secretary-T-easurer, Dr. John Huston, Jr., 1948 First 
Ave., N.E.. Cedar Rapids, lowa 52402. Luncheon and 
business meeting during annual session of Iowa State 
Medical Saciety. The scientific section is held in the 
autumn. 

Kansas Rap dLocicaL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Ralph H. Baehr, 310 Medical 
Arts Bldg.. Topeka, Kan. 66604. Meets in spring with 
State Medial Society and in winter on call. 
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Kentucky CHAPTER or ACR 
Secretary-Treasurer, Dr. Bernard Sams, St. Joseph In- 
firmary, 735 Eastern Parkway, Louisvlle, Ky. 40217. 
Meets in April and September. 

Kincs County RapioLocicaL Sociery 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

KNOXVILLE RapioLocicar Society 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hespital. 

Lone Istanp RapioLocicat Society 
Secretary, Dr. Bruce Saxe, 1200 Stewart Ave., Garden 
City, N. Y. 11533. Meets monthly. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Isaac Sanders, 1429 Valley View Rd. 13, 
Glendale, Calif. 91202. Meets second Wednesday of 
month in September, November, January, April and 
June at Los Angeles County Medical Associasion Build- 
ing, Los Angeles, Calif. Midwinter Radiolozical Con- 
ference: Century Plaza Hotel, Los Angeles, Calif., 
Jan. 31- Feb. 2, 1975. 

Louisiana RaproLocicatL Society, CHAPTER or ACR 
Secretary- Treasurer, Dr. Roger H. Tutton, 1514 Jeffer- 
son Hwy., New Orleans, La. 70121. 

LouisiaNA-TExas Gurr Coast RapioLocicaAL Society 
Secretary- Treasurer, Dr. Arnold G. Manske, P.O. Box 
3008, Port Arthur, Tex. 71670. 

Marne RaprorocicaL Socigrv, CHAPTER or ACR 
Secretary- Treasurer, Dr. Richard W. Taylor, Radiology 
Department, St. Mary's General Hospital, Lewiston, 
AME 04240. Meets in June, September, Dec-mber and 

pril. 

ManvLAND RapioLocicar Society, CHAPTER or ACR 
Secretary, Dr. David S. O'Brien, Anne Arundel Hosp., 
Annapolis, Md. 21401. 

Massacuusetts RapioLoaicaL Society, CHAPTER oF ACR 
Secretary, Dr. Joseph T. Ferrucci, Jr., Massachusetts 
Gen. Hosp., Boston, Mass. o2114. 

Mempuis RoENTGEN Society 
Secretary-Treasurer, Dr. Thomas P. Coburn, The Uni- 
versity of Tennessee College of Medicine, Department of 
Radiology, Walter C. Chandler Bldg., 865 Jefferson Ave., 
Memphis, Tenn. 38163. Meets first Monday Oct. through 
May at the University Club. 

Miami VarLEv RaptioLocicAL Society 
Secretary, Dr. Bert Must, I.B.M. Bldg., Dayton, Ohio. 
Meets third Thursday of fall, winter and spring months 
at 7:30 P.M. at Miami Valley Hospital, Daytoa, Ohio. 

Micuican Raptotocicat Sociery, CHAPTER or ACR 
Secretary- Treasurer, Dr. Francis P. Shea, Harper Hos- 
pital, 3825 Brush St., Detroit, Mich. 48201. Meets 
monthly, first Thursday, October through May, at 
David Whitney House, 1010 Antietam, at 6:30 P.M. 

Micuican Society or THERAPEUTIC RADIOLOGISTS 
Secretary-Treasurer, Dr. Delmar Mahrt, William Beau- 
mont Hosp., Detroit, Mich. 48072. Meets bi-monthly 
during the academic year. 

Mip-Hupson Rapio.oaicat Society 
Secretary-Treasurer, Dr. William D. Stiehm, 37 Flower 
Hill Rd., Poughkeepsie, N. Y. 12603. Meets 7:00 P.M., 
first Wednesday of each month, September to Mav. 

MiLwaukEE RoeNrGEN Ray Sociery 
Secretary-Treasurer, Dr. Thomas C. Lipscomb, 1004 
North Tenth St., Milwaukee, Wis. 53233. Meets monthly 
m euim Monday, October through May, at University 

ub. 

Minnesora RapioLocicaL Society, CHAPrER or ACR 
Secretary- Treasurer, Dr. Harlan W. Hawkinson, 6 Buf- 
falo Rd., St. Paul, Minn. s«110. Meets twice annually, 
fall and winter.’ 
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Mississi?Pr Strate Rapro.ocicaL Society, CHAPTER OF 


Secretary-Treasurer, Dr. Edward L. Gieger, 969 Lake- 
land Dr., Jackson, Miss. 39216. Meets third Thursday, 
exclud ng summer months, at the Primos Northgate 
Rest., Jackson at 6:30 P.M. 

Missoum RapioLocicaL Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Ronald G. Evens, Mallinckrodt 
Institute of Radiology, 510 S. Kingshighway, St. Louis, 
Mo. 6:110. 

Montana RaproLocicar Society, CHAPTER or ACR 
Secretary, Dr. C. H. Agnew, Room 102, Doctors Bldg., 
Billings, Mont. sgtor. 

NEBRASKA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Robert Bodmer, Suite 622 Doc- 
tors Bdg., Omaha, Neb. 68131. Meets the third Wednes- 
day of the month, Oct. through March, at the Clarkson 
Hosp., Omaha, Neb. and the fourth Friday of April at 
the Liacoln Country Club, Lincoln, Neb. 

Nevapa RaptroLocicar Society, CHAPTER or ACR 
Secretary, Dr. Charles F. Veverka, Carson Tahoe Hosp., 
Carsor City, Nev. 89701. 

N.E. Soctery ror RADIATION ONcoLocv 
Secretary, Dr. C. C. Wang, Mass. Gen. Hosp., Boston, 
Mass. 22114. 

New ENs3LAND Roentcen Ray Society 
Secretary, Dr. Melvin E. Clouse, 185 Pilgrim Rd., 
Boston, Mass. 02115. Meets the third Friday of each 
month. October through April, excluding December, at 
The Longwood Towers, 20 Chapel Street, Brookline, 
Mass. at 3:00 F.M. Annual Meeting: May 16, 1975. 

New Hampsuire Roentcen Ray Soctery, CHAPTER OF 
ACR 
Secreta-y- Treasurer, Dr. Edward P. Kane, Claremont 
Gen. Fosp., Claremont, N. H. 03743. Meets four to six 
times yearly. 

New Mexico Society or RapioLocisTs, CHAPTER OF ACR 
Secreta-y, Dr. Carole R Simmons, Dept. of Radiol., Pres- 
byterian Hospital Center, Albuquerque, N. M. 87106. 
Four meetings annually, three held in Albuquerque, 
N. M., and one held at time and place of New Mexico 
State Medical Society annual meeting. 

New OnrEANs RapniorocicaL Society, Ine. 

Secretazy- Treasurer, Dr. Jimmy L. Mains, P.O. Box 446, 
Gretna, La. 70053. Meets bimonthly at local restaurants 
selected by the President. Spring Conference. 

New York RoENTGEN SOCIETY 
Secretazy- Treasurer, Dr. Howard R. Gould, 153 West 
11th Street, New York, N. Y. 10011. Meets monthly on 
the 3rd Monday at the New York Academy of Medicine 
at 4:3c P.M. Annual Spring Conference, Waldorf-Astoria 
Hetel, New York, N. Y. Further information may be ob- 
tained rom Dr. Albert A. Dunn, Roosevelt Hosp., New 
York, N. Y. 10019. 

New York Srate CHAPTER or ACR 
Secretary- Treasurer, Dr. Albert F. Keegan, 6 Secor Dr., 
Port Wash., N. Y. 11050. 

NonTH À4ERICAN Society or Carpiac RaDIOLocy 
Secretary-Treasurer, Dr. Erik Carlson, Univ. Calif., 
San Francisco, Calif. 94143. 

NonTH CanoLiNA CuaPrER or ACR 
Secretary- Treasurer, Dr. Ernest B. Spangler, Wesley Long 
Hosp., ';reensboro, N. C. 27402. Meets twice a year. The 
Spring Meeting is held at the time of the meeting of the 
North Carolina Medical Society. The Fall Meeting is held 
in November at the Mid Pines Club, Southern Pines, 
NLC, 

Norru Dakota RaproLoaicat Society, CHAPTER oF ACR 
Secretary, Dr. Pablo Ramos, Box 1618, Bismarck, N. D. 
58:01. Meets at time of State Medical Association meet- 
ing. Other meetings arranged on call of the President. 

NonTH FronipA RADIOLOGICAL SOCIETY 
Secretary, Dr. David F. Bew, University Hospital of 
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Jacksonville, 655 W. Eighth Street, P.O. Box 2751, 
Jacksonville, Fla. 32203. Meets quarterly in March, 
June, September and December. 

NORTHEASTERN OKLAHOMA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Theodore J. Brickner, Jr., 5919 
S. Gary Place, Tulsa, Okla. 74110. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert C. Friedman, 325 Presidential Way, 
Guilderland, N. Y. 12085. Meets in Albany area on third 
BEN of October, November, March, April, and 

ay. 

NORTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. James R. Eltringham, Stanford 
Medical Center, Stanford, Calif. 94304. Meets quarterly. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Mark D. Reiss, 5301 F Street, Sacramento, 
Calif. 95819. Meets on the fourth Monday of Sept., Nov., 
be March and May at the Mansion Inn, Sacramento, 

alif. 

NORTHWESTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Barbara E. Chick, Glens Falls Hospital, 
Glens Falls, N. Y. 12801. 

NORTHWESTERN Outo RADIOLOGICAL SOCIETY 
Secretary, Dr. Doug Ki Cho, 2730 Navarre Ave., Oregon 
(Toledo), Ohio 43616. Meets 3rd Wednesday from Sep- 
tember to May. - 

Onto Srare RapioLocicaL Society, CHAPTER or ACR 
Secretary, Dr. Tearle L. Meyer, 175 S. Merkle Rd., 
Columbus, Ohio 43215. 

ers MA Srare RapioLocIcaL Society, CHAPTER OF 
A 
Secretary, Dr. George H. Ladd, 4616 Denison, Muskogee, 
Okla. 74401. Meets in January, May and October. 

OrANGE County RADIOLOGICAL SOCIETY 
Secretary, Dr. Marvin A. Rawitch, 600 E. Washington, 
Santa Ana, Calif. 92701. Meets on fourth Tuesday of the 
month, excluding June, July, August, and December, at 
hia County Medical Association Bldg., Orange, 

alif. 

Orecon Srare RapioLocicaL Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Robert E. Craven, P.O. Box 
12542, Portland, Ore. 97212. Meets on second Wednesday 
of month, October through April, at the University Club, 
Portland, Ore. 

OnLEANs ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans, La. 70113. Meets second Tuesday of each 
month. 

Paciric NortHwest RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Betty J. Wood, Dept. of Radiol., 
Vancouver General Hosp., Vancouver 9, B. C., Canada. 
Annual Meeting. 

PENNSYLVANIA RADIOLOGICAL Socierv, CHAPTER OF ACR 
Secretary, Dr. Robert B. Funch, Germantown Hosp., 
Philadelphia, Pa. 19144. 

PHILADELPHIA RoENTGEN Ray SOCIETY 
Secretary, Dr. Marvin E, Ha kin, 230 N. Broad St., 
Philadelphia, Pa. 19102. Meets first Thursday of each 
month at « P.M., from Cctober to May in Thompson Hall, 
College of Physicians. 

PirrsBURGH ROENTGEN SOCIETY 
Secretary, Dr. Klaus M. Bron, Presbyterian-Univ. Hosp., 
Pittsburgh 15213. Meets second Wednesday of month, 
September through May, at the Pittsburgh Athletic As- 
sociation. 

RADIATION RESEARCH SOCIETY 
Executive Secretary, Richard J. Burk, Jr., 4211 39th St., 
N.W., Washington, D. C. 20016 Annual Meeting. 

RADIOLOGICAL SOCIETY or CONNECTICUT, INC., CHAPTER 
or ACR 
Secretary-Treasurer, Dr. Mehdi S. Eslami, 1389 W. Main 
St., Waterbury, Conn. 06708. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Alvin Nathan, c/o Academy of 
Medicine, 320 Broadway, Cincinnati, Ohio 45202. Meets 
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first Monday of each month at Cincinnati Academy of 
Medicine. 

RapioLocica . Society or New JERSEY, CHAPTER OF ACR 
Secretary, Dr. Sidney Ketyer, St. Elizabeth Hosp., 225 
Williamson St., Elizabeth, N. J. 07207. Meets in Atlantic 
City at time of State Medical Society meeting and in 
October or November in Newark, N. J. 

RaproLoGica t Society or Roope IsLanp, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Daniel J. Alves, Rhode Island 
Hosp., Previdence, R. I. 02902. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. Marshall Rowen, Dept. Radiol., 
St. Joseph Hosp., 1100 Stewart Dr., Orange, Calif. 
92668. Meets three times a year, usually October, Febru- 
ary and May. 

RADIOLOGICAL SOCIETY OF THE STATE OF NEW YORK 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester, N. Y. 14618. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Carter, 121 Sotoyome St. 
Santa Rosa, Calif. 95405. Meets second Monday every 
other mench. 

RicuMonp County RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald P. King, 218 Gun Club Rd., Rich- 
mond, Va. 23221. Meets first Thursday of each month at 
various hespitals. 

Rocuesrer ROENTGEN Ray Society, Rocuester, N. Y. 
Secretary-Treasurer, Dr. Robert J. Bruneau, 1441 East 
Ave., Rochester, N. Y. 14610. Quarterly meetings on the 
call of the President, at the Rochester Academy of 
Medicine. 

Rocky MorwrAIN RADIOLOGICAL SOCIETY 
Secretary Treasurer, Dr. Lorenz R. Wurtzebach, 4200 E. 
Ninth Ave., Denver, Colo, 80220. Annual meeting: 
Brown Palace Hotel, Denver, Colo., Aug. 1975. 

SAN ANTONIO-CiviLIAN Miirary RADIOLOGICAL SOCIETY 
Secretary, Dr. James R. Stewart, Oak Hills Medical Ctr., 
San Antonio, Tex. 78209. Meets third Wednesday of 
each month at Fort Sam Houston Officers Club at 
6:30 P.M. 

San Dieco RADIOLOGICAL SOCIETY 
President, Dr. Stanley G. Seat, 476 Prospect St., LaJolla, 
Calif. 92037. Meets the first Wednesday of each month at 
the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Charles A. Gooding, Univ. of 
Calif. Med. Ctr., San Francisco, Calif. 94122. 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section ox RapioLocy, Menica Society or THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Albert M. Zelna, 21 Masters St., 
Potomac, Md. 20854. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 P.M. 

Section or Rapiotocy, NationaL MEDICAL AssociaTION 
Secretary, Dr. Ruby Brooks, Dept. Radiol., Veterans 
Adm. Hosp., P.O. Box 511, Tuskogee, Ala. 36083. Annual 
Meeting. 

SECTION ox RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Mario A. Calonje, 1514 Jefferson Highway, 
New Orleans, La. 70121. Annual Meeting. 

SEcrioN ox RapioLtocy, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

Society For PEDIATRIC RADIOLOGY 
Secretary-Treasurer, Dr. John P. Dorst, 601 N. Broad- 
way, Baltimore, Md. 21205. Annual meeting: Marriott 
Hotel, Atlanta, Ga., Sept. 28-29, 1975. 
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Society oF GASTROINTESTINAL RADIOLOGISTS 
Secretary-Treasurer, Dr. John R. Amberg, Vanderbilt 
University Hospital, Nashville, Tenn. 37232. 

Society oF Nuctear MEDICINE 
Secretary, Dr. E. James Potchen, Edward Mallinckrodt 
Institute of Radiology, 660 S. Euclid Ave., St. Louis, 
Mo. 63110. Administrative Officer, Mrs. Margaret Glos, 
211 E. 43rd St., New York, N. Y. 10017. Annual Meeting. 

SoutH Bav RaprioLocicAL Society 
Secretary, Dr. John H. Callaghan, Redwood Med. Clinic, 
2900 Whipple Ave., Redwood City, Calif. 94062. Meets 
the 2nd Monday of each month at the Santa Clara 
County Medical Association Bldg., 700 Empey Way, 
San Jose, Calif. 

SoutH CanoLiNA RADIOLOGICAL Society, CHAPTER oF ACR 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SoutH Coast RaproLocicaL Society CHAPTER or ACR 
Secretary-Treasurer, Dr. Richard T. Love, Santa Bar- 
bara Med. Clin., 215 Pesetas Lane, Santa Barbara, 
Calif. 93110. Meets fourth Tuesday of alternate months, 
Sept., Nov., Jan., March and May. 

SoutH Dakora Rapto.ocicat Society, CHAPTER or ACR 
Secretary, Dr. M. F. Petereit, 2416 S. Phillips, Sioux 
Falls, S. D. 57105. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN CALIFORNIA RADIATION THERAPY SOCIETY 
Secretary- Treasurer, Dr. Duane J. Gillum, 250 W. Pueblo 
St., Santa Barbara, Calif. 93105. Meets quarterly. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary- Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 7:44, Mobile, Ala. 36607. Annual 
Meeting: Grand Hotel, Point Clear, Ala., January 31- 
February 2, 1975. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, 904 Chelsea, El Paso, Tex. 
Meets last Monday of each month at 6:30 p.m. in the 
Paso del Norte Hotel. 

TENNESSEE RapioLocicaL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Charles W. Kimsey, 111 White- 
hall Bldg., 960 E. Third St., Chattanooga, Tenn. 37403. 
Meets annually at the time and place of the Tennessee 
State Medical Association meeting. 

Texas Srare Raptotocicat Society, CHAPTER or ACR 
Secretary, Dr. Francis E. O'Neill, 1128 Nix Prof. Bldg., 
San Antonio, Tex. 7820;. 

THE FLEISCHNER SOCIETY 
Secretary, Dr. E. Robert Heitzman, State University of 
New York sprite Medical Center, Syracuse, N. Y. 
13210. Annual Meeting: St. Francis Hotel, San Fran- 
cisco, Calif., May 28-31, 1975. 

Tnr-SrATE RaproLocicAL Society 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 
Jan., March and May, 8:00 p.m., Elks Club in Evans- 
ville, Ind. 

Upper PrENiNsuLA RADIOLOGICAL SOCIETY 
rie hog Dr. A. Gonty, Menominee, Mich. Meets quar- 
terly. 

Uran Srate Rapiotocicar Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Thomas K. Orton, St. Mark’s 
Hosp., Salt Lake City, Utah 84117. Meets fourth 
Wednesday in January, March, May, September and 
November at Holy Cross Hospital. 

Vermont RapioLoaicaL Society, CHAPTER or ACR 
Secretary, Dr. J. Lorimer Holm, R.R. #3, Barre, Vt. 05641. 

VIRGINIA CHAPTER or ACR 
Secretary-Treasurer, Dr. Charles P. Winkler, 3500 Ken- 
sington Ave., Suite 2-A, Richmond, Va. 23221. 

Wasuincton, D. C., CHAPTER or ACR 
Secretary- Treasurer, Dr. Robert M. Allen, 9312 Convento 
Terr., Fairfax, Va. 22030. 
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WASHINGTON Strate RADIOLOGICAL SOCIETY, CHAPTER OF 
ACR 
Secretar2-Treasurer, Dr. Donald J. Hesch, 3216 N. E. 
45th Plece, Seattle, Wash. 98105. 

West Vin3iNiA RapioLoaicAL Society, CHAPTER oF ACR 
Secretar2-Treasurer, Dr. Andrew W. Goodwin, II, 200 
Med. A-ts Bldg., Charleston, W. Va. 25301. Meets con- 
currently with annual meeting of West Virginia State 
Medical Society, other meetings arranged by program 
commit ee. 

WrsrTCHE*TER County RADIOLOGICAL SOCIETY 
Secretary, Dr. James O. Richardson, Jr., 280 Mamaronek 
Ave., White Plains, N. Y. 10605. Meets on second Tues- 
dav of October, December, February and May. 

Wisconsiz RapioLocicAL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. June Unger, Wood VA Hosp., 
Wood, Wis. 53193. Meets twice a year, May and Sep- 
tember. 

Wisconsi4 Society OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Alvin Greenberg, Radiother. Ctr., Univ. 
Hospitals, Madison, Wisc. 53706. Meets quarterly. 

Wyoming RapioLocicAL Society, CHAPTER or ACR 
Secretary, Dr. Ross J. Collie, Box 96, Lander, Wyo. 82520. 
Meets m fall with State Medical Society and in spring 
on call ef President. 


Mexico, Puerto Rico AND CENTRAL AMERICA 


Asociaci€n COSTARRICENSE DE RADIOLOGÍA 
Secretary, Dr. Rafael Umafia-Umafia, Apartado 8-5340, 
San José, Costa Rica. 

AsoctAcóz DE RapiéLocos DE CENTRO AMERICA Y 
PaNAM-. Comprising: Guatemala, El Salvador, Hon- 
duras, Wicaragua, Costa Rica and Panamá 
Secretary-General, Dr. Francisco Miranbell Solis, Apar- 
tado 3352, San José, Costa Rica, Central America. Meets 
annually in a rotating manner in the six countries. 

AsoctAciC N PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SociEDAD DE RADIOLOGÍA DE SALVADOR 
Secretary, Dr. Carlos Meijia, «a Av. Nte. No. 434, San 
Salvadcr, Rep. El Salvador. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 92. Calle A 0-05, Zona 1, 
Guater ala 

Sociepap Mexicana DE Raprotocia, A.C. 

Coahuila No. 35, México 7, D.F., México. 
Secretary-General, Dr. Jorge Cano Coquí. Meets first 
Monda? of each month. 

SociEDAD RapioLócicA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamz, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SociEDAD RapioLócicA DE Puerro Rico 
Secretary, Dr. Heriberto Pagan Sáez, Box 9387, Santurce, 
Puerto Rico. Meets second Thursday of each month at 
8:00 P.4. at the Puerto Rico Medical Association Bldg. 
in San ‘uan. 


BRITISH COMMONWEALTH OF NATIONS 


AssociaT-oN or RADIOLOGISTS or THE PROVINCE OF 
QUEBEe 
121 Boul. Taschereau, Greenfield Park, P. Q., Canada. 
Meets sour times a year. 

BrittsH lnstirute or RADIOLOGY 
Honora-y Secretaries, D. H. Traspnell, M. Cohen, 32 
Welbecx St, London, W1M/7PG, England. 

CaNaDiAF AssociATION oF Puysicists, Division or MED- 
ICAL AMD BioLocicarL Puvsics 
Honora-y Secretary-Treasurer, Dr. R. G. Baker, Ontario 
Cancer Foundation, Ottawa Civic Clinic, 1053 Carling 
Ave., Cttawa 3, Ont., Canada. 

CaNaDIAF ASSOCIATION or RADIOLOGISTS 
Honora-y Secretary, Dr. Ross O. Hill, Suite 806, 1440 St. 
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Catherine St. West, Montreal 107, Que., Canada. Annual 
Meeting: Toronto, Ont., May 11-16, 1975. 

EpMoNTON AND District RADIOLOGICAL SOCIETY 
Secretary, Dr. L. A. Koller, Suite 360, Professional Bldg., 
10830 Jasper Ave., Edmonton 15, Alberta, Canada. 
Meets third Thursday of each month October to May, 
except December, at various Edmonton Hospitals. 

FaAcuLTY or RADIOLOGISTS 
Honorary Secretary, Robert Morrison, Lincoln's Inn 
Fields, London WC2A 3PN, England. 

MONTREAL RADIOLOGICAL Stupy CLUB 
Secretary, Dr. W. Paul Butt, Montreal General Hospital, 
Montreal, Que., Canada. Meets first Tuesday evening, 
October to April. 

Section or RapDIOLocy or THE Royat Society or MEDI- 
ciNE (ConFINED To MEDICAL MEMBERS) 

Meets third Friday each month at 8:15 p.m. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1 
M8AE, 1 England. 

SociÉérÉ CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary General, Dr. Hubert Sasseville, Verdun Hospi- 
tal, Montréal, P. Q., Canada. Meets every third Tuesday 
from October to April. 

Tue Hospirat Puysicists’ ASSOCIATION 
Honorary Secretary, J. B. Massey, B.Sc., Christie Hosp. 
and Holt Radium Institute, Physics Department, W1- 
thington, Manchester M20 9BX, England. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

Tur Roya AUSTRALASIAN COLLEGE OF RADIOLOGISTS 
Honorary Secretary, Dr. T. P. Loneragan, 45 Macquarie 
St., Sydney, N.S.W. 2000, Australia. 


SOUTH AMERICA 


Corfcio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Lauro de Abreu Coutinho, Caixa 
Postal 5984, São Paulo, Brazil. 

FEDERACION ARGENTINA DE SOCIEDADES DE RADIOLOGÍA 
Branches of the Federation are: Sociedad de Radidlogos 
de la Provincia de Cérdoba; Sociedad Argentina de Ra- 
diología; Asociación Argentina de Radiología; Sociedad 
de Radiología, Radioterapéutica y Medicina Nuclear de 
Rosario; Sociedad de Radiología y Medicina Nuclear del 
Centro y Sudeste de la Provincia de Buenos Aires (Mar 
del Plata); Sociedad Saltefia de Radiologia y Medicina 
Nuclear; Sociedad de Radiologia de Tucuman; Sociedad 
de Radiologia del Nordeste Argentino; Sociedad de Ra- 
ta de La Plata; and Sociedad de Radiologia de San 

uan. 
Secretary-General-Treasurer, Dr. Roberto Habichayn, Av. 
Colén 637, Cérdoba, Argentina. 
Congress will be organized by Sociedad de Radiologia, 
Radioterapéutica y Medicina Nuclear de Rosario in 1975. 

SOCIEDAD ARGENTINA DE RADIOLOGÍA 
Secretary-General, Dr. Tomas J. Gutiérrez F, Santa Fé 
1171, Buenos Aires, Argentina. Meets first Wednesday 
evening, April through December. 

SociEDAD BOLIVIANA DE RADIOLOGÍA 
Secretary, Dr. Javier Prada Méndez, Casilla 1182, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Caixa Postal 
1532, Kio de Janeiro, Brazil. General Assembly meets 
every two years in Decem'er. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SocIEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. Manuel Neira, Casilla 13426, Santiago, 
Chile. Meets first Friday of each month at Av. Santa 
Maria 1810 at 7:00 P.M. 
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SOCIEDAD CoOLOMBIANA DE RADIOLOGÍA 
Secretary General, Dr. Gustavo Sánchez Sánchez, Bogotá, 
Colombia. Meets last Thursday of each month. 

SOCIEDAD ECUATORIANA DE RADIOLOGÍA 
lia Dr. Luis Blum, Casilla 3712, Guayaquil, Ecua- 

or. 

SOCIEDAD PaRAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Hugo Volpe Rios, 15 de Agosto 322, 
Asunción, Paraguay. 

SoclEDAD PERUANA DE RADIOLOGÍA 
Secretarytoeneral, Dra. Ladis Delpino, Av. General 
Santa Craz No. 315, Miraflores, Lima, Pera, Casilla 
Correo, 2:06, Lima, Pera. Meets monthly except during 
January, February, and March. 

SociEgDAD De RADIOLOGÍA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 41-110, Baran- 
quilla, Cclombia. Society meets monthly at the Instituto 
de Radiplogía. 

SocIEDAD pe RADIOLOGÍA DEL NORDESTE ARGENTINO 
Secretary General, Dr. Francisco J. Velar, Catamarca 561, 
Corriente, Argentina. 

SociEDAD pe RapioLocíA DE La PLATA 
Secretary, Dr. Hiram D. Haurigot, Calle so No. 374, La 
Plata, Arcentina. 

SociEDAD BE RADIOLOGÍA, 
Mepica pet URUGUAY 
Secretars -General, Dr. Manuel Gonzáles Maseda, Av. 
Agraciada 1464, piso 13, Montevideo, Uruguay. 

SocIEDADE TE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Fostal sos, Pernambuco, Brazil. 

SociEDAD ne ROENTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA PrevixciA DE CORDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Grl. 
Paz. 1; , —órdoba, Argentina. 

SociEDAD DE RADIOLOGÍA, RAprorERAPÉUTICA Y MEDICINA 
Nuc ear DE Rosario 
Secretarz General, Dr. Federico Frágola, Santa Fe 1798, 
Rosario. Argentina. 

SocIEDAD S#LTENA DE RaproLocía Y MEDICINA NUCLEAR 
Treasur-r, Dr. Julio Luis Baldi, Av. Sarmiento 536, Salta, 
Argentina 

SoclEDAD VzNEZOLANA DE RaproLocia Y MEDICINA Nvu- 
CLEAR 
Secretarz-General, Dr. Salvador Itriago Borgas, Apartado 
Postal 3213, Candelaria, Caracas, Venezuela. Meets 
monthly, third Friday at Colegio Médico del Distrito 
Federal. Caracas. 


CONTINENTAL EUROPE 


ÖSTERREICH SCHE RÓNTGEN-GESELLSCHAFT 
Secretar», Dr. Ernst Kotcher, Wiener Allgemeine Poli- 
klinik Me-iannengasse 10, A-1090 Wien, Austria. Meets 
second Tuesday of each month in Allgemeine Poliklinik. 

Société RoswALE BELGE DE RADIOLOGIE 
General Secretary, Dr. Joseph Baeyens, Alost, Belgium. 
Meets n February, March, May, June, September, 
October, November and December. 

SociÉrÉ E vzoPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Secretary, Dr. J. Corbaton, Clinica Infantil "La Paz,” 
Av. Ger ecalissimo, 117 Madrid 34, Spain. Annual Meet- 
ing: Mad- d, Apr. 24-26, 1975. 

Perman-ma Secretary, Clément Fauré, Hôpital des Enfants 
Malade:, 149, rue de Sèvres, 75 730, Paris C adet 15, France. 

Société FR NCAIsE DE RADIOLOGIE MÉDICALE, MÉDECINE 
NucLÉAizE& ET ÉLECcTROLOGIE, and its branches: Soci- 
ÉTÉ pu Ssp-Ovest, DU LITTORAL MÉDITERRANÉEN, DU 
Centre ET LYONNAIS, DU NORD, DE L'OUEST, DE L'Esr, 
pu Masar CENTRAL, D'OUTRE-MER ET p’ ÉTRANGER. 
Parent 3eciety meets third Monday of each month, ex- 
cept duzi-g July, August and September, rue de Seine 
12, Pars, France. 
Secretary- General, Dr. 
75008, Frænce. 


CaNcEROLOGÍA Y Fisica 


Ch. Proux, 9 rue Daru, Paris 
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SociÉTÉ FRANÇAISE DE NEURORADIOLOGIE 
Secretary-General, Professeur agr. R. Djindjian 16, rue 
de l'Université 75, Paris 7*, France. Annual meeting. 

CrskosLovENskÁ ŘADIOLOGICKÁ SPOLEČNOST 
Secretary, Associate Professor Jaromír Kolář, M.D., 
Sc.D., Radiological Clinic, Praha 2, U nemocnice a. 
Czechoslovakia. Meets monthly except durmg July, 
August and September. Annual general meeting. 

DEUTSCHE RONTGENGESELLSCHAFT 
President, Professor Dr. med. Walter Frommhold, Di- 
rector of Medizinisches Strahleninstitut der Universitit 
Tübingen, Róntgenweg 11, 7400 Tubingen, Germany. 

Facutty or RapioLocists oF THE RoyaL COLLEGE OF 
SURGEONS IN IRELAND 
Honor. Secretary, Max. J. Ryan, St. Stephen's Green, 
Dublin 2. Annual Meeting, Oct. 25 and 26, 1974. 

SociETÀ lrALIANA Dr Rapiotocia Mepica E MEDICINA 
NUCLEARE 
Administrative Secretary, Prof. E. Conte, Ospedale 
Mauriziano, 10128 Torino, Italy. Meets annually. 

SociETAs RaproLocica DANICA 
Secretary, Dr. Bent Langenfeldt, Tretommerve} 20a, DK. 
8240 Risskov, Denmark. 

NEDERLANDSE VERENIGING voon RADIOLOGIE 
Secretary, Dr. J. D. Mulder, Dept. of Rad., Akademisch 
Ziekenhuis, Leiden, Netherlands. 

SCANDINAVIAN RADIOLOGICAL SOCIETY 
Secretary-General, Professor C. F. Unnérus, M.D., Haga- 
lung- Tapiola, Havsvindsvägn 5 C., Finland. Annual 
Meeting. 

SociepaD EspaÑoLa pe RapioLocía y ELECTROLOGÍA 
MÉpicas Y pe MEDICINA NUCLEAR 
Secretary, Dr. José Bonmatí, Villanueva, 11, Madrid A 
España. Meets every second Friday of each month, Oct. 
to June, inclusive, in Madrid. 

SociEDAbE Portrucugesa DE RapioLoGiA E MEDICINA 
NUCLEAR 
Secretary-General, Dr. Luís Aires de Sousa, Av. Elias 
Garcia, 123- 1, Esg.-Lisboa i-Portugal. 

SCHWEIZERISCHE VEREINIGUNG FUR RapioLocie, Nu- 
KLEARMEDIZIN UND STRAHLENBIOLOGIE (ASS@CIATION 
Suisse DE RADIOLOGIE, MÉDECINE NUCLÉAIRE ET DE 
RADIOBIOLOGIE) 

Secretary, Dr. med. Gustav Schoch, Bethesdaspital, Gel- 
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lerstrasse 144, 4000 Basel, Switzerland. 


ASIA 


INDIAN RwDIOLOGICAL ASSOCIATION 
Honor. Gen. Secretary, Dr. S. P. Aggarwa!, 10-B Kasturba 
Ghandi Marg, New Delhi iioooi. 28th Indian Congress of 
Radiolozy will be held in Hyderabad in 1975. 

InponEs14N RaproLocicaL Society 
Secretar*, Dr. Gani Iljas Sasmitaatmadja, Radiology 
Dep., Faculty of Medicine, University of Indonesia, 
Salembz 6, Jakarta, Indonesia. 

IRANIAN FADIOLOGICAL SOCIETY 
Secretar7, Dr. Majid Rooholamini, P.O. Box No. 14-1151, 
Teheran, Iran. The Society meets on the second Satur. 
day of each month. sth Iranian Congress of Radiology, 
Apr. 12-17, 1975. Deadline for acceptance of papers, Jan. 
20, 1975 

IsraEL RADIOLOGICAL Society 
Secretar:, Dr. M. A. Lerner, Hesharon Hosp., Petah- 
Tigva, Lrael. 

Puitippine CorLEGE or RapDIoLocy 
Secretary-Treasurer, Dr. Eduardo V. Nievera, Box 1284 
Commencial Center, Makati, Rizal D-708, Philippines. 
Meets e~ery second Thursday of the month. 

RADIOLOGICAL SOCIETY oF THAILAND 
Secretary, Prof. Rojana Suvansuthi, MD. PhD. 
Depart. of Rad., Sirizaj Hospital, Faculty of Medicine, 
Mahidol University, Bangkok 7, Thailand. 


AFRICA 


AssoctATICN oF RapioLocisTs or West AFRICA 
Honorar* Secretary, C. A. Beetlestone, MIB, BRS, 
D.M.R.D., Dept. Radiol, University College Hosp., 
Ibadan, Nigeria. Thirteenth Annual Conference, in 
Ibadan, ~eb. 8-10, 1975. Conference Secretary: Dr. A. O. 
Sobo, THe J. F. Kennedy Medical, P. O. Box 1973, Mon- 
rovia, Li»eria. 

RADIOLOGIZAL Society or SOUTH AFRICA 
Secretary, Dr. B. Rosenberg, P.O. Box 3200, Johannes- 
burg, South Africa. 

SOUTH AFFICAN INTERNATIONAL RADIOLOGICAL CONGRESS 
Director, Dr. Paul Sneider, P.O. Box 4878, Johannesburg, 
South Arica. 
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ROENTGEN DIAGNOSIS 
Heap 


MclIvon, James. The radiological features of 
ameloblastoma. Clin. Radiol., April, 1974, 
25, 237-242. (From: X-ray Department, 
Institute of Dental Surgery, Gray's [nn 
Road, London, W.C.2. Present address: 
X-ray Department, Hillingdon Hospital, 
Uxbridge, Middlesex, England.) 


Ameloblastoma is a rare lesion accounting for 
about 1 per cent of all cysts and tumors of the jaws. 
It is more common in Africans than in white races; it 
is of varying degrees of aggressiveness; and the histo. 
logic appearance of a single tumor may vary con- 
siderably from one part of the lesion to another. It is 
locally recurrent and may extend into the base of the 
skull. Pulmonary metastases have been rarely re- 
ported, and its behavior has been compared -o that 
of a basal cell carcinoma. 

Of 16 patients who were seen when the tumor pre- 
sented originally, 11 exhibited a radiolucent area in 
the jaw with at least three of the following additional 
features: expansion of the overlying cortical surface; 
a sharply defined dense scalloped margin; a multi- 
locular appearance; and resorption of the root of an 
adjacent tooth. In the other-s patients the solitary 
cystic lesion presented no radiologic feature to differ- 
entiate it from a simple cyst. 

The differential diagnosis in the r1 characteristic 
roentgen studies included odontogenic keratocyst, 
fibroma, fibrosarcoma, hemangioma, aneurysmal 
bone cyst, giant cell tumor, reparative granvloma, 
fibrous dysplasia, and ameloblastoma or its malig- 
nant variant. 

There were 6 cases in which the ameloblastoma was 
recurrent, and the roentgen appearance of these is 
even more characteristic. In all cases the lesion was 
scalloped with a sharply defined, dense border, and in 
all the lesion was mulilocular with perforation of the 
overlying cortex. Most of these occurred in edentu- 
lous regions in the ramus of the mandible. 

Since the surgical treatment of an ameloblastoma 
is more extensive than that for a simple cyst, the 
value of the roentgen study is in indicating which 
cystic tumors should be subjected to biopsy before a 
definitive attack.—E. Frederick Lang, M.D. 


NECK AND CHEST 


Poser, H., Werpaver, H., and Jacossey, J. 
Róntgenschichtuntersuchung bei Kehlkopf- 
verletzungen. (Tomographic roentgen exam- 
ination of laryngeal injuries.) Fortschr. a. d. 
Geb. d. Réntgenstrahlen u. d. Nuklearmed'zin, 
June, 1974, 720, 707—718. (Address: Dr. 
med. H. Poser, Radiologische Univ.-K!mik, 
23 Kiel, Arnold-Heller-Strasse 9, Germany.) 


Laryngeal injuries are frequently overlooked or 
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neglected. especially when attention is concentrated 
on simultaneous severe trauma to other parts of the 
body. The neck injuries may at first appear mild or 
innocuous. Nevertheless, tomograms, in addition to 
conventional roentgenograms, can demonstrate seri. 
ous damaze. When the full extent of the lesion is 
realized at an early date, prophylactic therapy can be 
instituted and irreparable damage avoided. 

Tomograms in 2 planes are obtained, while the 
patient produces an “U” sound for optimal unfolding 
of the supraglottic space. In blunt trauma to the 
neck without a laryngeal tear, tomography can be 
readily performed even when a tracheotomy tube is 
in situ. 

In the past 2 years, 15 patients with acute or 
chronic neck injuries were selected for tomographic 
studies. Specific causes included: stabbing during 
altercation (1); suicidal attempt (1); football injuries 
(2); falling against hard objects (2); steering wheel 
injury (1); hitting of flying objects or fist blow (3); 
foreign bocy aspiration (1); gunshot wounds (2); in- 
juries from intubation (2). 

The extent of a hematoma can be readily ascer- 
tained as contours remain sharper than in an edema. 
Emphysema from mucosal tears suggests an exten- 
sive injury and possibly a superimposed infection. 
This condition may result in a serious stenosis. 

The diagnosis of fractures depends on the mineral 
content of affected cartilages. Dislocations usually 
occur at the cricoid cartilage in the region of the 
aryepiglottic fold. Damage from intubation may de- 
velop after an interval of 7 to 14 days in the form of 
granulation tissue.—Ernest Kraft, M.D. 


GENEREUz, GEoncE P., and Emson, H. E. 
Talc granulomatosis and angiothrombotic 
pulmonery hypertension in drug addicts. 7. 
Canad. A. Radiologists, June, 1974, 25, 87—93. 
(Address: George P. Genereux, M.D., De- 
partment of Diagnostic Radiology, Uni- 
versity Hospital, Saskatoon, Saskatchewan, 


Canada.) 


Recent estimates suggest that there are 600,000 
drug addicts in the United States, and between 
10,000 and 20,000 in Canada. An unknown number 
of drug dependents use additive substances intra- 
venously, ard in so doing, expose themselves to sev- 
eral important cardiovascular and pulmonary com- 
plications. 

It has been shown both experimentally and clini- 
cally that the 2 most deleterious fillers are talc and 
starch. The former, upon reaching the microvascular 
circulation of the lung, is capable of inciting granu- 
lomatous reactions in arterioles and capillaries, and 
ultimately tarombose these vascular channels. Fi- 
brosis may result around small vessels as well as in 
the alveolar septa. Starch, on the other hand, is said 
to cause only bland thrombosis of arterioles. Since 
these lesions are so strategically placed in and around 
arterioles anc capillaries, a slowly progressive oblit- 
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eration of the microvascular circulation occurs, lead- 
ing to an obstructive type of precapillary pulmonary 
hypertension, the so-called “angiothrombotic pul- 
monary hypertension.” 

Twelve of 18 patients under treatment with metha- 
done had radiographic evidence of diffuse paren- 
chymal abnormality which was interstitial in distri- 
bution. The pattern consisted of micronodular, re- 
ticulonodular and reticular densities. The lesions 
showed a striking distribution at the hila with lesser 
involvement apparent in the extremes of both the 
upper and lower lobes. The cardiac silhouette was ab- 
normal in 2 patients, consistent with right ventricular 
dilatation or hypertrophy, and this was combined 
with enlargement of the main pulmonary and both 
hilar arteries indicating chronic cor pulmonale.— 
David Morse, M.D. 


Hoyer, J., Marmeyac, C., DELAYE, A., and 
HovëL, J. Beitrag zur Echinokokkose des 
Herzens an Hand von sieben eigenen Beo- 
bachtungen. (Contribution to cardiac echino- 
coccosis on the basis of seven observations.) 
Thoraxchirurgie, June, 1974, 22, 197-206. 
(Address: Dr. J. Hoyer, Centre de Chirurgie 
Thoracique et Cardiaque, Hópital Salvator, 
249 Bd. de Ste. Marguerite, 130009 Mar- 
seille, France.) 


Cardiac echinococcosis, which is found in about 1 
per cent of all cases of echinococcosis, can be divided 
into 3 stages. The first or "latent" stage can last 
decades and produces no symptoms. In the second 
stage or "stage of manifestation" the patient com- 
plains of precordial pain and/or pressure, dyspnea 
and nausea. The third stage or “‘stage of complica- 
tions" manifests itself by myocardial insufficiency 
and/or rupture of the hydatidiform cyst into the 
cardiac chambers or pericardium. 

Radiographic studies are of value in all 3 stages. 
Any change in contour of the cardiac silhouette is 
suspicious for echinococcosis; calcifications along the 
cardiac periphery support further the diagnosis, if 
tuberculous pericarditis can be excluded. Size and 
location of the cysts can be best determined by an- 
giocardiography and coronary arteriography. 

In 7 cases, which were operated upon in a period of 
I$ years, 14 cysts were encountered; 8 were localized 
in the left and 4 in the right heart, the remaining 2 
were found in the ventricular septum. Four patients 
had solitary cysts, while 3 patients were found to 
have multiple cysts. The correct diagnosis was made 
preoperatively in 6 of the 7 patients. In 5 patients the 
surgical intervention was successful; 2 patients died, 
I during surgery due to rupture of a large cyst in the 
right atrium followed by pulmonary embolization, 
and the other due to cerebral embolization secondary 
to postoperative rupture of an additional cyst in the 
left ventricle which was overlooked during surgery.— 
Peter F. Winter, M.D. 
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Hermanutz, K. D., and Bicueter, E. Trau- 
matische, nichtperforierende Verletzungen 
der thorakalen Aorta und der intrathorakalen 
Aortenbogenaste. (Traumatic, nonperforating 
injury to the thoracic aorta and its intra- 
thoracic aorta arch branches.) Fortschr. a. d. 
Geb. d. Réntgenstrahlen u. d. Nuklearmedizin, 
Feb., 1974, 720, 156-163. (Address: Dr. K. D. 
Hermanutz, Radiologische Klinik der Uni- 
vers*it Bonn, 53 Bonn-Venusberg, Ger- 
many ) 


Traumatic rupture of the thoracic aorta occurs 
distal to the subclavian artery in the region of the 
isthmus in £o per cent and at the base of the aorta in 
20 per cent of all cases. While the former is usually 
the resu’t of abrupt horizontal deceleration, the latter 
is frequently caused by vertical deceleration. A blunt 
thoracic trauma with abrupt rotation of the neck to 
the contralateral side may lead to avulsion of the in- 
trathoracic branches of the aorta. Ruptures at the 
base of the aorta are frequently associated with 
cardiac iajuries and in most cases result in immediate 
death. Im contrast, 10-20 per cent of the cases with 
rupture at the isthmus survive more than 1 hour al- 
lowing ciagnostic studies and appropriate surgical 
treatment. 

The rzd'ographic findings are described by means 
of 4 cases. Superior mediastinal widening to the left 
is seen in patients with localized hematomas; if the 
first chest roentgenogram is equivocal, repeat roent- 
genograms at 15 minute intervals should be obtained 
within tae first 2 hours. Perivascular extravasation 
might result in a double contour of the aortic arch, 
which is often best seen in the oblique projections. 
Displacement of the esophagus posteriorly and the 
trachea to the right indicates a progressive mediasti- 
nal her atoma. Frequently bleeding into the left 
pleural «pace occurs; if rib fractures are present this 
might be misinterpreted as bleeding from intercostal 
or thoracic vessels; however, in cases with a progres- 
sive or rersistent bleeding from a chest tube, the pos- 
sibility of a rupture of the aorta has to be given first 
consideration. 

The <iagnosis of an aortic rupture should be con- 
firmed by angiography. Direct visualization of the 
aorta in 2 planes via the right axillary approach is 
the method of choice. Indirect aortography results in 
poor coatrast, but has the advantage of giving in- 
formaton about the pulmonary and cardiac status. 
The angiographic findings in subadventitial and peri- 
aortic hematoma include localized dilatation of the 
aorta, regular contours of the aortic wall, and sac- 
cular er fusiform pseudoaneurysms; the site of rup- 
ture might be seen as a radiolucent band. A total 
transve-se rupture can result in complete stop cf the 
contras- column.—Peter F. Winter, M.D. 


Martin, Net D., Zaret, Barry L., Mc- 
Gowan, Rona.p L., WE tts, Harry P., JR., 
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and Framm, M. D. Rubidium-81: a new 
myocardial scanning agent; noninvasive 
regional myocardial perfusion scans at rest 
and exercise and comparison with potassium- 
43. Radiology, June, 1974, ZZZ, 651-656. 
(Address: Neil D. Martin, Col. USAF, MC, 
Section of Nuclear Medicine (SGHR-R), 
David Grant USAF Medical Center, Travis 
Air Force Base, Calif. 94535.) 


The authors used inert gas wash-out technique to 
assess regional myocardial perfusion. Measurements 
were made employing a scintillation camera follow- 
ing the injection of xenon 133 into the coronary 
artery. 

Twenty-four patients with known or suspected 
coronary artery disease were studied at the time of 
coronary arteriography. Wash-out curves were con- 
structed, using 2 second time frames from the peak 
to 50 seconds afterward. In 6 patients, the character- 
istics of the wash-out curve were defined following 
collection of data for 30 minutes. 

The 30 minute curves were subjected to compart- 
mental analysis. Myocardial blood flow was esti- 
mated from the initial slope of the xenon clearance 
curve representing the first £o seconds of wash-out 
data. Functional images were also made. 

Three compartments were delineated by graphic 
analysis. The homogeneous distribution of the 2 
faster compartments suggests that they represent 
myocardial perfusion; the slow compartment is con- 
sistent with blood flow to fat. 

Regional myocardial flow was relatively homo- 
geneous in patients with normal coronary arterio- 
grams. Heterogeneities of flow were found in patients 
with single vessel disease and multiple vessel disease. 
The area of myocardium with altered perfusion was 
delineated better by functional image than by quad- 
rantic flow values. 

By combining the gamma camera image of the 
initial xenon distribution, the functional image, and 
quadrantic flow rates, patients with hemod ynami- 
cally significant coronary artery disease could be 
separated from those with normal arteriograms.— 


W. R. Carpentier, M.D. 


Horman, B. Leonarp, Apams, Dovcrass F., 
Jewitt, Davip, ErpH, PER, IpoiNE, Joun, 
Coun, PETER F., Gortin, Ricuarp, and 
ADELSTEIN, S. James. Measuring regional 
myocardial blood flow with Xe and the 
Anger camera. Radiology, July, 1974, 712, 
99-107. (Address: B. Leonard Holman, M.D., 
Department of Radiology, Harvard Medical 
School, 25 Shattuck Street, Boston, Mass. 
O2IIGg.) 

The reliability of adequately evaluating regional 
myocardial perfusion by imaging techniques with po- 
tassium 43 (K*) has been established. Its production 
costs and photon energies make it an unlikely agent 
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for routine use. Potassium 42 also has poor physical 
characte-istics, and the isotopes of cesium are ex- 
tracted poorly by myocardium. Rubidium has a 
chemistry and physiology more closely akin to po- 
tassrum, and rubidium 81 (Rb*) appears to have 
physical characteristics satisfactory for imaging. It 
has a ha f-life of 4.6 hours, and exhibits photopeaks 
at 190, 436, and 511 kev. The latter 2 occur as a re- 
sult of e ectron capture and positron emission, and 
can be utilized by a rectilinear scanner as one broad 
peak. Ore of the daughter products, krypton 81m, 
produces the 190 kev. photopeak in its transition to 
krypton 31. 

Rubidium 81 is cyclotron produced, and can be 
obtained as the sterile, pyrogen-free radionuclide. 
However, rubidium 82m routinely appears as a car- 
rier. Because this carrier has a longer half-life (6.2 
hours) and higher energy gamma photons, it is 
mandatory that the rubidium 81 be utilized as soon 
after production as possible. Dosimetry calculations 
based on an absolute maximum of 33 per cent of 
rubidium 82m contamination are as follows: total 
body and bone—less than 222 millirads/millicurie, 
and gonads—less than 281 millirads/millicurie. 

This preliminary study comprises I5 patients, I 
normal and 14 with arteriosclerotic heart disease. 
Studies were performed on both the rectilinear scan- 
ner and the Anger-type scintillation camera, and all 
images were of diagnostic quality. However, the use 
of the camera requires the pinhole collimator with 3 
mm. insert and the introduction of a § cm. lead 
shield between the patient and the camera to reduce 
lateral colimator penetration. Patients were studied 
at rest ard post-exercise whenever possible. Resting 
studies were performed after a 12-24 hour fast, and 
the intravenous injection of 2 millicuries of Rb. 
Exercise was obtained via a motorized treadmill to 
the point of angina or fatigue. Four mc Rb?! was then 
injected iatravenously and exercise continued 30-60 
seconds, after which imaging was performed. Images 
were obtzined at both the high and low photopeak 
settings in both the anterior and left anterior oblique 
positions. Ten of the 14 patients with arteriosclerotic 
heart disease, who were imaged with Rb, also had 
comparable images with K9. Nine of the 14 also had 
confirmatory coronary angiography and left ven- 
triculography. 

Myocardial images of the normal subject with 
Rb*!, after exercise, exhibited a homogeneous dis- 
tribution of the radioactivity throughout the cardiac 
mass. Fovr of the 14 with arteriosclerotic heart dis- 
ease had recent myocardial infarcts and had only 
rest images with Rb, showing perfusion defects in 
the area o infarction. The remaining 10 patients had 
both rest and post-exercise images. Seven of the 10 
had prior myocardial infarction, all of which were 
demonstrzted on imaging; 4 of these patients’ perfu- 
sion defeccs became larger after exercise, 3 did not. 
The other 3 of these 10 had only history of angina. 
Two of these 3 had normal rest images, but developed 
perfusion abnormalities after exercising. The third of 
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these 3 had an equivocal rest scan which failed to 
change after exercise. 

On the basis of this preliminary study, it appears 
that Rb? has similar imaging value to K*. Its ad- 
vantages lie in more satisfactory spectral energies, 
more economical production, and a more satisfactory 
half-life. A theoretic possibility exists for measure- 
ment of coronary blood flow by comparison of myo- 
cardial activity of Rb* decay to that of its daughter, 
krypton 81. Obviously, further investigation of this 
radionuclide, for all these purposes, is indicated.— 
F. C. Petty, M.D. 


Hauswarpr, CH., and Worr, G. Zeichen der 
Renalen Osteopathie auf der Thorax-Uber- 
sichtsaufnahme. (Signs of renal osteopathy 
seen on scout roentgenograms of the thorax.) 
Fortschr. a. d. Geb. d. Rüntgenstrahlen u. d. 
Nuklearmedizin, Feb., 1974, 720, 186-191. 
(Address: Priv.-Doz. Dr. Christian Haus- 
waldt, Medizinische Universitáts-Klinik, 34 
Gottingen, Humboldtallee 1, Germany.) 


In 36 per cent of 103 patients with histologically 
proved renal osteodystrophy, the chest roentgeno- 
gram revealed definite osseous changes in the clavicle 
and vertebral bodies of the dorsal spine. In an addi- 
tional 36 per cent of these patients, discrete bone 
changes were found. In a subgroup of 60 patients 
with advanced renal osteodystrophy, definite bone 
changes were found in 48 per cent with an additional 
30 per cent having discrete changes. 

The roentgenographic abnormalities in the clavicle 
included: thinning and/or ill-defined demarcation of 
the cortex; blurred and/or coarse spongiosa; sub- 
periosteal absorption; and cysts. The changes were 
usually more pronounced in the lateral aspect of the 
clavicle. 

The findings in the spine included unsharp con- 
tours of the upper and lower vertebral plates, ac- 
centuated vertical spongiosa and decreased bone 
density. 

The described findings are not specific of renal 
osteopathy as they can also be seen in seconcary 
hyperparathyroidism of other origin, primary hyper- 
parathyroidism, intestinal osteopathy and heparin 
osteopathy.—Peter F. Winter, M.D. 


ABDOMEN 


Apams, James T. Adynamic ileus of the colon; 
an indication for cecostomy. Surgery, Oct., 
1974, 709, 503-507. (From: Department of 
Surgery, University of Rochester Medical 
Center, Rochester, N. Y.) 


Significant adynamic ileus of the colon has been 
described as pseudo-obstruction or as Ogilvie’s syn- 
drome, and it is characterized by selective distention 
of the colon with gas in the absence of an organic ob- 
struction. It can progress to perforation. The funda- 
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mental cause is not known, but is apparently either 
interference with the sympathetic nerve supply to 
the colon o- imbalance between the sympathetic and 
parasympathetic innervation. It usually accompanies 
or follows some major abnormality in a system other 
than the gastrointestinal tract, such as extra-abdomi- 
nal trauma, respiratory and urinary tract infection, 
cardiac disease, acute or chronic alcoholism, pan- 
creatitis, cr the postoperative state, particularly 
after orthopedic or pelvic surgery. It also occasion- 
ally occurs in patients with sepsis, shock, lead in- 
toxication, -enal failure or electrolyte imbalance. 

The clin cal picture is that usually associated with 
mechanica obstruction of the colon. Progressive ab- 
dominal distention occurs, with anorexia, nausea, 
and occasionally, vomiting. The patient may pass 
liquid feces and gas, while intestinal distention is 
progressing. 

The most useful diagnostic measure is the plain 
roentgenog-am of the abdomen, which shows dilata- 
tion of the colon out of proportion to any associated 
small intestinal distention. There is usually much 
less gas in the rectum, sigmoid, and portions of the 
descending colon than above in the colon. 

The differential diagnosis includes mechanical ob- 
struction -f the descending colon, volvulus of the 
cecum, and vascular disease. Retrograde flow of 
barium into the distended sigmoid will exclude the 
possibility of a mechanical obstruction. 

Conservative management with correction of the 
electrolyte and fluid imbalance and by aspiration 
with a nasogastric tube and a rectal tube may correct 
the situation. Prolonging this treatment makes pneu- 
monia ani thromboembolic complications more 
likely, particularly in the aged patient in whom such 
adynamic leus commonly occurs. Perforation of the 
cecum is a real problem and has been associated with 
a mortality rate of almost 50 per cent. 

Tube cezostomy is the procedure of choice after a 
short term of conservative therapy. 

In a se-ies of 20 patients seen over a I2 year 
period, 4 recovered after conservative treatment and 
12 after ccostomy. The indications for operation 
were: (1) z cecal diameter of 12 cm. or more; (2) de- 
velopment of right lower abdominal tenderness or 
spasm; (3? failure to improve significantly as shown 
by roentgenographic evidence of decrease in colon 
size withi- 72 hours of the beginning of conservative 
management. While intussusception is the most fre- 
quent cause of intestinal tract obstruction in young 
children, its cause remains obscure in go per cent of 
these. In adults, on the other hand, intussusception 
is uncommon, but a specific cause can be found in 
almost 8c per cent. Large series have been reported 
indicating that primary malignant tumors account 
for 26 pe- cent to 36 per cent of the instances of in- 
tussusception in adults, and that metastatic tumors 
can also produce intussusception. Metastases from 
malignant melanoma are prominent in this latter 
group. 

During a 13 year interval 15 patients were en- 
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countered at Roswell Park Memorial Institute with 
intussusception associated with malignant neoplasm. 
Of these, 11 had metastatic tumors as the leading 
points, and 6 of these metastatic lesions were malig- 
nant melanomas. In addition there were 2 with pri- 
mary cecal tumors, and there were 2 in which the 
basis for the intussusception was not entirely ex- 
plained, although a urogenital tumor was present. 

Three of the patients were below 6 years of age, but 
the others were all 18 years or older. Almost all had 
abdominal cramps and most complained of nausea 
and vomiting. Plain roentgenograms showed dilated 
loops of small intestine suggesting either obstruction 
or paralytic ileus. Examination of the upper gastro- 
intestinal tract demonstrated obstruction in § pa- 
tients while in a sixth, the intussusception itself was 
identified. Barium examination of the colon disclosed 
the cecal defect in 1 and the intussusception in an- 
other. 

The disease in these patients followed a chronic or 
subacute course characterized by an insidieus onset, 
and this suggests self-reduction of the intussuscep- 
tion on I or more occasions. A palpable abdominal 
mass and blood in the feces were not frequently en- 
countered. Differentiation between the primary dis- 
ease and the intussusception as a complication was 
occasionally difficult. Tube decompression relieves 
the symptoms without reversing the pathologic 
process, and for this reason, early exploration ap- 
pears to be important, particularly in patients with 


melanoma.—E. Frederick Lang, M.D. 


STANLEY, RoBERT J., MErsoN, LELAND, and 
Tepesco, Francis J. The spectrum of 
radiographic findings in antibiotic related 
pseudomembranous colitis. Radiology, June, 
1974, ZIZI, 519-524. (Address: Robert J. 
Stanley, M.D., Mallinckrodt Institute of 
Radiology, Washington University School 
of Medicine, 510 S. Kingshighway, St. Louis, 
Mo. 63110.) 


Pseudomembranous colitis as a complication of 
antibiotic therapy has been receiving increasing at- 
tention in the recent medical literature. The anti- 
biotics which appear to be associated with the de- 
velopment of this condition include: Tetracycline, 
chloramphenacol, penicillin, ampicillin, lincomycin 
(Lincocin), and clindamycin (Cleocin). Over a period 
of 6 months, the authors evaluated roentgenographi- 
cally 9 patients who were subsequently preved to 
have pseudomembranous colitis. It was their feeling 
that there is a range of roentgenographic abnor- 
malities including, in the most severe cases, an ap- 
pearance which is strongly suggestive of this condi- 
tion and possibly diagnostic. 

Six of the patients had received Cleocin for varying 
intervals prior to the onset of diarrhea. One patient 
had received only ampicillin, another patient had re- 
ceived a combination of Keflin and Lincocm, and 
another patient a combination of Cleocin, Keflin, and 
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ampicilin prior to onset of diarrhea. A low pressure 
barium enema study was done on these patients, 
when tere was no obvious toxicity or signs of peri- 
tonitis cr generalized sepsis. 

The diagnostic roentgenographic findings in the 
presence of pseudomembranous colitis consist of a 
diffusely shaggy appearance of the colon due to in- 
numerable plaque-like lesions which stud the entire 
mucosal surface producing rounded or oval filling de- 
fects measuring 2-7 mm. in diameter, when seen ez 
face. These plaque-like lesions often were better dem- 
onstrate1 with the use of air studies. Ulceration of 
the mucosa was absent for the most part, being pres- 
ent only in the very late stages of the disease when 
the pseu lomembrane was stripped from the mucosa. 
Edema cf the wall of the bowel was indicated by ir- 
regular contour and unusual thickness of the haustral 
folds ana this should suggest strongly the presence of 
pseudomsmbranous colitis. The differential diag- 
nosis of these roentgenographic findings includes the 
pseudopclyps of ulcerative colitis and familial polyp- 
OSIS. 

It is recognized that proctosigmoidoscopy is the 
preferabl* diagnostic procedure, but it is the feeling 
of the authors that the radiologist may at times be in 
a positior to suggest the diagnosis prior to the endo- 
scopic exe mination.—Dona/d N. Dysart, M.D. 


Watpron, Ropert L., II, and Kenny, GE- 
RARD. Radiologic diagnosis of carcinoma of 
the biiary tree. 7. Canad. A. Radiologists, 
June, :974, 25, 116-126. (Address: Robert L. 
Waldron, II, M.D., French Hospital, 1911 
Johnscn Avenue, San Luis Obispo, Calif. 
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Transhepatic cholangiography is a highly useful 
diagnostic method in patients with obstructive 
jaundice. With bile duct carcinoma involving the 
upper duct system, changes at cholangiography are 
sufficiently characteristic to be diagnostic with a 
high degre2 of probability. 

Lesions n this region are difficult or impossible to 
find at surgical exploration without prior radiologic 
localizatiom. Celiac arteriography also plays a role in 
the diagnosis of bile duct tumors. 

In 3 out of 3 cases a tumor stain has been demon- 
strated in the capillary phase of the carcinoma of the 
bile duct found at surgery. As this finding was pres- 
ent in caranoma of the ampulla of Vater, it is felt 
that this dagnostic modality may be of value in dif- 
ferentiating carcinoma of the ampulla from pan- 
creatic tumors. 

Since tumors in the ampullary region afford a 
much greater chance of surgical extirpation and long- 
term survival than carcinoma originating in the pan- 
creas, the value of this radiologic differentiation is 
evident. 

Hepatomas can grow primarilv in the bile duct and 
they can even mimic calculus disease.— David Morse. 


M.D. 
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Go.psTEIN, Harvey M., Neman, Harvey L., 
and BooxsTEIN, JosEpH J. Angiography 
evaluation of pancreatic disease: a further 
appraisal. Radiology, Aug., 1974, 772, 275- 
282. (Address: Harvey M. Goldstein, M.D., 
Department of Diagnostic Radiology, Uni- 
versity of Texas Cancer System Center, 
M. D. Anderson Hospital and Tumor Insti- 
tute, Houston, Texas 77025.) 


Bookstein eż al. in 1969 reported the angiographic 
evaluation of 300 patients with suspected pancreatic 
carcinoma at the University of Michigan Medical 
Center. In that series, there were 2 major findings: 
(1) Significant angiographic abnormality was present 
in all cases of pancreatic carcinoma and unusual in 
patients without pancreatic parenchymal disease; 
and (2) the discriminate value of certain angiographic 
features enabled differentiation of carcinoma and 
pancreatitis in a majority of cases. Since that initial 
report, controversy regarding the value of pancreatic 
angiography has continued. 

The authors reviewed 76 cases of histologically 
proven pancreatic disease in an effort to correlate the 
angiographic findings with the final histologic diag- 
noses. 

Selective celiac and superior mesenteric injections 
were carried out in each patient. One or more sub- 
selective injections were done in approximately 75 
per cent of the patients and were usually combined 
with magnification studies. Also, since 1971, the 
authors have preceded superior mesenteric arteriog- 
raphy by the administration of 50 mg. of tolazoline 
hydrochloride into the superior mesenteric artery. 
Intraarterial angiotensin amide was also utilized 
when necessary to improve visualization of the pan- 
creatic arteries. 

Angiographic abnormality was evident in virtually 
all symptomatic patients with pancreatic carcinoma. 
Irregular arterial encasement, particularly of small 
intrapancreatic vessels, was recognized more fre- 
quently than in previous studies, largelv as a result 
of the improved technique. Pathologic vascularity 
was noted less frequently, also probably because re- 
fined techniques allowed distinction of neovascular- 
ity from encasement of pre-existing arteries. The 
much higher incidence of venous abnormalities in the 
present series is largely attributable to the use of 
tolazoline. 

The authors feel that confident differentiation of 
pancreatitis and carcinoma was accomplished in 85 
per cent of the cases. From this study, it is apparent 
that demonstration of arterial encasement alone or 
venous abnormality alone is suggestive of pan- 
creatitis, while encasement plus venous abnormality 
is indicative of the likelihood of carcinoma. Neovas- 
cularity was another feature predictive of carcinoma, 
while arterial tortuosity and angulations without 
narrowing were a newly recognized feature indicative 
of pancreatitis. Arteriosclerotic changes of intrapan- 
creatic arteries were manifest as short smooth nar- 
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rowings anc were associated with arteriosclerosis 
elsewhere, while neoplastic encasement was usually 
longer with irregularity or obstruction. Lack of ad- 
jacent venous involvement and arteriosclerosis was 
also helpful in differentiation from carcinoma. 

The authors believe that one of the major ad- 
vantages of angiography in pancreatic carcinoma is 
its ability te predict resectability. In their series, non- 
resectability could have been correctly predicted in 
25 of 29 lesions. 

It is concluded that angiography plays an im- 
portant role in the management of pancreatic carci- 
noma. It w'll establish the diagnosis, so that further 
diagnostic i vestigation, often including laparotomy, 
may be avoided. In addition, differentiation from 
primary liver diseases and pancreatic inflammatory 
disease, where surgical intervention might be harm- 
ful, is possi5le in a high percentage of cases. Also, the 
presence of accessory hepatic arteries or other ana- 
tomic variants of surgical significance will be demon- 
strated.—E. F. Schoolar, M.D. 


MiEgpERE2, S. E., LÖFFLER, A., SIEDEK, 
M., and SrapELMANN, O. Die endoskopi- 
sche retrograde Cholangio-Pankreatographie 
(E.R.C.P.) als postoperative Untersuchungs- 
methode. (Endoscopic retrograde cholangio- 
pancreztography [E.R.C.P.] as a postopera- 
tive m2thod of examination.) Med. Welt., 
Aug, 1974, 25, 1285-1288. (Address: Dr. 
S. E. Miederer, Medizinische Poliklinik der 
Universitat Bonn, 5300 Bonn, Wilhelmstrasse 
35, Germany.) 


Endoscopic retrograde cholangiopancreatography 
has become a successful routine procedure in the past 
5 years. Difficulties of catheterizing the papilla of 
Vater have only been encountered in a few subtotal 
gastrectomy cases. There are no contraindications 
to the procedure, and occasional complications have 
proved to be mild. 

In 415 successive examinations with the fibero- 
scope, the method has been successful in 88 per cent, 
with the biliary system visualized in 63 per cent and 
the pancreatic duct in 83 per cent. Significant find- 
ings have been demonstrated, especially in cases of 
postoperative jaundice and abdominal pain. 

The method is indicated to determine the nature of 
a jaundie2 when serum bilirubin values exceed 2 mg. 
per cent. In biliodigestive anastomoses, residual cal- 
culi, secondary pancreatic changes, stenoses of the 
anastomcsis and cholangitis can be demonstrated. 

In a group of 84 postcholecystectomy patients, or- 
ganic changes were found in 79 per cent, while 
marked epigastric distress and jaundice existed in 92 
per cent. In 4 patients with resection of the tail of the 
pancreas and anastomosis with a jejunal loop, the 
extent cf passage of contrast material could be de- 
termined. 

The method is also recommended as a routine pro- 


cedure prior to surgery on the pancreatic and bile 
ducts.— Ernest Kraft, M.D. 
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MocNziL, Barsara J., Hotman, B. LEONARD, 
BurroN, Lawrence N., and ROSENTHAL, 
Davip S. Use of indium chloride scintigraphy 
in patients with myelofibrosis. Y. Nuclear 
Med., Aug., 1974, 75, 647-651. (Address: 
Barbara J. McNeil, M.D., Department of 
Radiology, Harvard Medical School, 2; 
Shattuck Street, Boston, Mass. 02115.) 


The distribution of In™ chloride by scintigraphy 
was investigated in 21 patients: 18 with myelofibro- 
sis, and 3 with other hematologic disorders; 25 bone 
marrow scans were obtained on the 21 patients. All 
patients had bone marrow biopsies and 16 had ferro- 
kinetic studies. Patients were injected with carrier 
free In!!! chloride (2 to 3 mc) and scans were done 24 
hours later. Liver and spleen scans were made after 
the bone scans. Ferrokinetic studies were performed 
by the Huff technique. 

The distribution of the In!! in patients with 
myelofibrosis reflected primarily the patterns found 
in patients with the disease, and other patients had 
patterns that would be expected in the absence of 
extramedullary hematopoietic elements. Some ac- 
tivity was seen in the central skeleton (vertebrae and 
sacrum) in all patients; long bone activity was com- 
mon; activity was seen in the liver in all cases at 24 
hours; varying activity was noted in the spleen, and 
renal activity was seen in 9 of 14 cases with myelo- 
fibrosis. 

A comparison of the distribution of In"! chloride 
with the results of bone marrow biopsies, ferrokinetic 
data, liver and spleen histology and the clinical 
status showed that in 15 cases the sacral uptake of 
In?! chloride correlated with the marrow biopsy, 
ferrokinetic data and clinical status. In 5 cases the 
scintigrams overestimated the erythroid elements as 
compared to the biopsies, but correlated with the 
ferrokinetic data and clinical status. The difference 
could be due to the biopsy sampling. Liver and 
spleen activity did not correlate with the presence of 
erythropoietic elements assessed histologically. 

In chloride scintigraphy appears to be a reliable 
method of assessing erythroid elements in bone mar- 
row, but not in the liver or spleen.—CZar'es JF. 


Cooley, M.D. 


RADIATION THERAPY 


JENTYS, WaNpa. La radiothérapie du cancer 
primitif du vagin à l'Institut Oncologique de 
Varsovie. (Radiotherapy of primary carci- 
noma of the vagina at the Oncologic Insti- 
tute of Warsaw.) 7. de radiol., d'électrol. et de 
méd. nucléaire, June-July, 1974, 55, 457—464. 
(From: Service de Gynécologie de l'Institut 
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d'Oncologie de Varsovie, Warszawa, ul. 
Wawelska 15, Poland.) 


The author reports the results of radiation therapy 
in a series of 132 patients with carcinoma of the va- 
gina treated at the Oncologic Institute of Warsaw, 
between 1947 and 1967. 

There were: 64 patients with localized disease, 
Stages 1 and 11; and 68 patients with advanced dis- 
ease, Stages III and Iv. 

In addition to clinical staging, the degree of in- 
filtration and its anatomic localization were signifi- 
cant factors in determining the results of treatment. 

Patients with infiltration of one vaginal wall had a 
52 per cent cure, while infiltration of one-half or more 
of the circumference of the vagina had a 19 per cent 
cure. The best results were in tumors of the anterior 
and superior aspects of the lateral vaginal walls and 
the worst results were in tumors infiltrating the 
lower vaginal walls. 

In the early stages of the disease, intracavitary 
radium application was followed by external irradia- 
tion at 220-250 kv., HVL 2.0-3.5 mm. Cu. This 
sequence was reversed in cases of advanced disease. 

The intracavitary radium application varied be- 
tween 2,000 and 7,000 mg. hr. The anterior wall of 
the rectum received between 2,300 to 5,500 r. The 
dose to the urinary bladder varied between 600 and 
5,000 r. 

External irradiation was administered through 2 
anterior and posterior portals, delivering approxi- 
mately 3,000 r to the depth. Larger doses were at- 
tempted in the advanced stages of the disease. 

There was a 51.5 per cent cure in Stages 1 and 11, 
and 26.5 per cent cure in Stages ur and 1v. These 
results justify a prognosis for carcinoma of the 
vagina that is more favorable than is usually con- 
sidered.—William H. Shehadi, M.D. 


Scorr, James, Ross-SurrH, A. H. T., and 
Burns, lan. Bilateral breast metastases from 
carcinoma of the prostate. Brit. T. Urol., 
April, 1974, 46, 209-214. (From: United 
Oxford Hospitals, Oxford, England.) 


In patients with known carcinoma of the prostate, 
development of a breast tumor poses a diagnostic 
problem with significant therapeutic implications. 
Adenocarcinoma arising as a primary tumor within 
the breast would be treated appropriately by sur- 
gical means. Adenocarcinoma of the prostate meta- 
static to the breast would best be managed by 
hormonal manipulation. 

It is often difficult to differentiate these 2 tumors 
by conventional histologic techniques; however, his- 
tochemical analysis of the tumor tissue for its acid 
phosphatase content may provide the diagnosis. 

The authors describe a case in which these con- 
siderations were present and also review the litera- 
ture describing the development of the technique for 
histochemical analysis.—R. H. Troupin, M.D. 
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monary hypertension following, 125 

BLoop-brain barrier permeability and relation to 


Subject Index to Volume 122 


889 


ipid solubility; neurotoxicity of x-ray 
-ontrast media, 186 
B mope cltrasonography in changing indications for 
:hyroid operations; use of (ab), 679 
Bone ard soft tissue; wooden splinter induced 
‘pseudotumors” and “‘osteomyelitis-like 
.esions" of, 176 
formation, periosteal new, (periosteal neostosis) 
-n renal osteodystrophy; relationship to 
osteosclerosis, osteitis fibrosa, and osteoid 
excess (ab), 448 
petrcus, feasibility of PA projection for tomog- 
raphy of; significant reduction in radiation 
dose to lens of eye, 67 
Book REvIEws 
Human Radiation Biology, by Kedar N. Prasad, 
sos 
Modern Thin-Section Tomography, edited by 
Arnold Berrett, Sam Briinner, and Galdino 
E. Valvassori, 206 
The Year Book of Radiology, 1974, edited by 
Walter M. Whitehouse, and Howard B. 
Latourette, 206 
Angiography in Infants and Children, edited by 
Michael T. Gyepes, 431 
Clinical Cardiac Radiology, by Keith Jefferson, 
end Simon Reese, 431 
The Fundamentals of Radiological Science, by 
John Hale, 668 
Basic Science Principles of Nuclear Medicine, 
edited by Charles M. Boyd, and Glenn V. 
Dalrymple, 872 
BoweL, small, in immunoglobulin deficiency syn- 
cromes, 227 
BRAIN atrophy, subdural hematomas, epidural he- 
matomas and brain edema; ultrasonic 
diagnosis of, 531 
edema, subdural hematomas, epidural hema- 
tomas and brain atrophy; ultrasonic diag- 
mosis of, $31 
effect of angiographic contrast media at cellular 
level in; hypertonic vs. chemical action, 469 
scan, delayed, in differentiating calvarial from 
cerebral lesions; use of (ab), 679 
BroncuiA. adenoma, (carcinoid type); angiographic 
findings in, 828 
Broncuos2ope, fiberoptic; transbronchial biopsy of 
peripheral lesions with fluoroscopic guid- 
ace; use of (ab), 218 
Butter wound of head; “Piggy-Back,” 576 


Catcirica“1on, cerebral, in childhood leukemia 
mimicking Sturge-Weber syndrome; report 
0: two Cases, 52 
myocardial, of infant heart following infarction; 
detected on chest roentgenogram, case re- 
pert, 133 
normal pineal gland, incidence of, in skull roent- 
genograms of black and white Americans, 
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CALCIFICATIONS, intracranial, in childhood; fre- 
quency of occurrence and significance, 495 
CALDWELL LECTURE, 1974, introduction to, 453 
significant symbiotic relationship, 455 
Cancers, rectal, early, for cure; series of 123 cases; 
endocavitary irradiation of (ab), 450 
(CaRcINOID type); angiographic findings in bronchial 
adenoma, 828 
CaARcINOMA, metastatic pancreatic; medial cecal 
defect associated with (ab), 443 
of biliary tree; radiologic diagnosis (ab), 885 
of cervix of uterus; intestinal injuries incidental 
to (ab), 224 
of lung and chronic pulmonary disease treated 
by radiotherapy; clinical experience of 
patients with (ab), 450 
of prostate, bilateral breast metastases from 
(ab), 887 
pleomorphic, of urinary bladder containing 
osteoid tissue (ab), 450 
primary, of vagina at Oncologic Institute of 
Warsaw; radiotherapy of (ab), 887 
CarpIAc arrest, momentary, cerebral angiography 
in; and systemic hypotension in dog, 485 
echinococcosis on basis of seven observations; 
contribution to (ab), 882 
Carotip angiography, artificial slow-flow; with 
tumors of glomus jugulare and of carotid 
body, 586 
body; artificial slow-flow carotid angiogranhy 
with tumors of glomus jugulare and of, 586 
CAT and other beasts, of (E), 659 
CATAMENIAL pneumothorax, recurrent (ab), 680 
CaTHETER, percutaneous transhepatic, relief of ob- 
structive jaundice through; new therapeutic 
method, 356 
Ceca, medial, defect associated with metastatic 
pancreatic carcinoma (ab), 443 
Cecostomy; adynamic ileus of colon; indication for 
(ab), 884 
CELL arteritis, giant and selective temporal arteriog- 
raphy and biopsy in; polymyalgia rheu- 
matica, 580 
CELLULAR level in brain, effect of angiographic con- 
trast media at; hypertonic vs. chemical 
action, 469 
CEREBELLO-PONTINE ANGLE cistern and internal 
auditory canal; combined technique for 
investigation of, 560 
tumors; practical approach to diagnosis of, 554 
CEREBRAL angiographic findings in disseminated in- 
travascular coagulation, 477 
angiography in momentary cardiac arrest and 
systemic hypotension in dog, 485 
calcification in childhood leukemia mimicking 
Sturge-Weber syndrome; report of two 
cases, 52 
maldevelopment, severe, indicator of; malposi- 
tion of attached portion of falx cerebri and 
superior sagittal sinus, 44 
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Cervix of uterus, carcinoma of; intestinal injuries 
incidental to irradiation of (ab), 224 
Cuest radsography, applications to; control of scat- 
tered radiation by air gap techniques, 109 
roentgenogram; case report, detected on; myo- 
cerdial calcification of infant heart follow- 
ing infarction, 133 
roentsenogram; pneumoconiosis; inter-reader 
variability in classification of type of small 
coacities in, 740 
CHILDHOO®, intracranial calcifications in; frequency 
C^ occurrence and significance, 495 
leukemia; benign pneumatosis intestinalis in, 
150 
leukemia mimicking Sturge-Weber syndrome, 
c2rebral calcification in; report of two cases, 


£a 
sarcoiosis in (ab), 217 
CHILDREN, Déjerine-Sottas syndrome in: (hyper- 
ccophic interstitial polyneuritis), 70 
with -etralogy of Fallot; evaluation of pulmo- 
-ary perfusion patterns in, I19 
CHOLANGDOGRAPHY, peroral endoscopic and pan- 
creatography: surgeon’s helper (ab), 683 
CHOLANGROPANCREATOGRAPHY, endoscopic retro- 
grade (ab), 683 
endescopic retrograde (E.R.C.P.) as postoper- 
- tive method of examination (ab), 886 
CHOLANGITIS, pyogenic, recurrent, in Chinese immi- 
zrants, 368 
CHOLECY=TOGRAPHY, oral, telepaque; 
cholestyramine on, 333 
CHOLESTYRAMINE on telepaque oral cholecystog- 
raphy; effect of, 333 
CoaGUL-TION, disseminated intravascular; cerebral 
angiographic findings in, 477 
Coancra-1ioNs of abdominal aorta with aneurysm of 
middle cerebral artery, 29 


effect of 


CoLrrıs pseudomembranous, antibiotic related; 
spectrum of radiographic findings in (ab), 
385 


ulcerative, and diverticulitis (ab), 682 
Coton, adynamic ileus of; indication for cecostomy 
(ab), 884 
CommitreeE on Contrast Media of International 
Society of Radiology; report of (E), 195 
CoMPpLicaTIONS, pulmonary, of narcotic abuse, 733 
ConGENtTrAL absence of pulmonary valve associated 
with congenital aplasia of thymus (Di 
George's syndrome), 97 
aplzsia of thymus (Di George's syndrome); con- 
genital absence of pulmonary valve asso- 
ciated with, 97 
left ventricular diverticulum, 137 
Contrast, media, angiographic, effect of, at cellular 
level in brain; hypertonic vs. chemical 
action, 469 
Media of International Society of Radiology; 
report of (E), 195 
Conow:av angiography in evaluation of patients 
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with aortic valvular disease; importance of, 
793 
injection, direct, of radiolabeled particles; safety 

of (ab), 225 

CRANIAL growth retardation from maternal phenyl- 
ketonuria, 33 

CRvosuRGERY, giant-cell tumors treated by; report 
of twenty-five cases (ab), 225 

Cystic fibrosis; pulmonary involvement in adults 
with, 708 

CysTOGRAPHY, micturating; intra-renal reflux in 
children demonstrated by (ab), 221 

Cysts, nonparasitic, of liver (ab), 682 


DéjERNE-SorTAs syndrome in children; (hyper- 
trophic interstitial polyneuritis), 70 
Diacnosis, radiographic, of pulmonary hypertension 
following Blalock-Taussig shunts in pa- 
tients with tetralogy of Fallot, 125 
DIAPHRAGM, fat under, simulating pneumoperiton- 
eum (ab), 682 
(D1 GEORGE’S SYNDROME); congenital absence of 
pulmonary valve associated with congenital 
aplasia of thymus, 97 
DisEasE, aortic valvular; importance of coronary 
angiography in evaluation of patients with, 
793 
heart, congenital, neurofibromatosis and, 146 
hemoglobin SC, in Jamaica (ab), 684 
Hodgkin’s; simultaneous and successive neo- 
plasms: report of 18 observations of ma- 
lignancy complicating evolution of (ab), 
449 
hydatid, of lungs; roentgenologic study of £o 
cases, 692 
peptic ulcer, in transplant recipient (ab), 681 
DisEAsEs of respiratory tract, transcatheter biopsy 
in diagnosis of; evaluation of seven years' 
experience with 693 patients (ab), 218 
DissECTION, aortic; aortographic analysis of, 769 
DIveERTICULITIS and ulcerative colitis (ab), 682 
DIVERTICULUM, ventricular, congenital left, 137 
Dosrs, high, of irradiation; protection of certain 
structures from, 103 
DvopENAr ulcer; postbulbar (ab), 442 
DvoprENocRaAPHY, hypotonic, for pancreatic lesions; 
selective arteriography combined with, 398 
DvsPHaGIA aortica; roentgen features of (ah), 442 
DvsPrastA, multicystic, of kidney in children: report 
of 45 cases (ab), 445 
spondylo-epiphyseal, tarda; report of 3 new 
cases (ab), 447 


EcniNococcosrs, cardiac, on basis of seven observa- 
tions; contribution to (ab), 882 
Epema, brain, subdural hematomas, epidural hema- 
tomas and brain atrophy; ultrasonic diag- 
nosis of, 531 
pulmonary, localized, following surgically cre- 
ated left-to-right shunts, 807 
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Report of the Committee on Contrast Media of 
the International Society of Radiology, 194 
J. Paul Medelman, M.D., 1905-1974, 197 
Maarice Lenz, M.D., 1890-1974, 199 
Immunology and radiology, 426 
of CAT and other beasts, 659 
WiLis Seaman Peck, M.D., 1900-1974, 662 
Seventy-fifth Annual Meeting of the American 
Roentgen Ray Society, 834 
The apex pulmonis, 837 
EMBOLIZATION, therapeutic percutaneous; in in- 
tractable epistaxis (ab), 449 
EmpHyYSEMA, pulmonary, interstitial, in children and 
adults; roentgenographic features (ab), 217 
Enposcopic, peroral, cholangiography and pan- 
creatography: surgeon's helper (ab), 683 
ret-ograde cholangiopancreatography (ab), 683 
ret-ograde pancreaticography; experience with, 
379 
ENTERCCOLITIS; neonatal necrotizing (ab), 220 
EPENDYMOBLASTOMA and medulloblastoma, recent 
experience with intrathecal radiogold for; 
progress report, 75 
EprEND-7MoMas of spinal cord and filum terminale; 
angiography of, 628 
EpipuFaL hematoma, frontal; angiographic diag- 
nosis with new finding, 525 
he natomas, subdural hematomas, brain edema 
and brain atrophy; ultrasonic diagnosis of, 
$31 
Episraxis, intractable; therapeutic percutaneous 
embolization in (ab), 449 
(Esopr AGEAL foreign body); elusive and often un- 
suspected cause of stridor or pneumonia, 80 
EwInc’s SARCOMA; critical analysis of 41 cases (ab), 
222 
ExTRA-AXIAL posterior fossa lesions; anterior menin- 
geal branch of vertebral artery in, 545 
EXTRAPERITONEAL gas and their relationship to its 
source, anatomical approach; radiological 
features of spread and localization of (ab), 
443 
ExTRrEMITIES—help or hindrance?; arteriography of 
penetrating wounds of (ab), 222 
EvE, significant reduction in radiation dose to lens 
of; feasibility of PA projection for tomog- 
raphy of petrous bone, 67 


F acta: nerve; radiologic assessment of (ab), 679 

FALx cerebri and superior sagittal sinus; indicator of 
severe cerebral maldevelopment; malposi- 
tion of attached portion of, 44 

FEMua, distal irregularities of, simulating malig- 
nancy, 180 

FETAL aspiration syndrome; clinical, roentgenologic 
and pathologic features, go 

FinRCsIS, cystic; pulmonary involvement in adults 
with, 708 

s-lerosing; many facets of, 288 
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Fitum terminale and spinal cord; angiography of 
ependymomas of, 628 

FISTULA, aorto-azygos system; varicose aneurysm of 
thoracic aorta with, 788 

FISTULAE, arteriovenous, performed for lower limb 
discrepancy; value of arteriography before 
closure of, 165 


SGa.citrate; scintiscanning of pulmonary diseases 
with (ab), 219 

GALLIUM 67 citrate scanning in patients with pul- 
monary sarcoidosis, 744 

GALLSTONES, disappearing; report of 2 cases (ab), 
220 

Gastric mural abnormalities, secondary, simulating 
primary disease in isolated chronic left 
subphrenic abscess and isolated chronic 
pancreatitis, 413 

Grann calcification, pineal, normal, incidence of, 
in skull roentgenograms of black and white 
Americans, 503 

GLomus jugulare, tumors of, and of carotid body; 
artificial slow-flow carotid angiography 
with, 586 

GRANULOMATOSIS, talc and angiothrombotic pul- 
monary hypertension in drug addicts (ab), 
881 

Wegener’s; pulmonary manifestations in, 750 


Heap; “Piggy-Back” bullet wound of, 576 
Heart disease, congenital, and neurofibromatosis, 
146 
infant, following infarction, myocardial calcifi- 
cation of; detected on chest roentgenogram; 
case report, 133 
Hemartoma, frontal epidural; angiographic diagnosis 
with new finding, 525 
perirenal, as complication of renal infarction in 
sickle-cell trait; case report, 800 
Hematomas, epidural, subdural hematomas, brain 
edema and brain atrophy; ultrasonic diag- 
nosis of, 531 
intraparietal, of small intestine (ab), 681 
subdural, epidural hematomas, brain edema and 
brain atrophy; ultrasonic diagnosis of, 531 
Hemoctosin SC disease in Jamaica (ab), 684 
Hepatic portal venous gas, neonatal, (HPVG); 
value of lateral abdominal roentgenogram 
in diagnosis of, 153 
resection, segmental; use of selective, intra- 
hepatic, portal venography and 7” vivo col- 
oration in, 327 
scintiscanning, delayer, with acidic ionic indium 
113m chloride; positive imaging of liver 
tumors by, 318 
Hernias, pulmonary (ab), 442 
HopGKIN's DISEASE; simultaneous and successive 
neoplasms; report of 18 observations of 
malignancy complicating evolution of (ab), 
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Hypatip disease of lungs; roentgenologic study of 
gc cases, 692 
HyprocerHaLus, chronic communicating; patho- 
physiologic mechanism. for ventricular 
entry of radiopharmaceutical and possible 
rekition to, 38 
HYPERTENSION, angiothrombotic pulmonary, in drug 
addicts; tale granulomatosis and (ab), 881 
nonuremic; etiologic radiographic findings in 
children and adolescents with (ab), 220 
pulmonary, following Blalock-Taussig shunts 
in patients with tetralogy of Fallot; radio- 
graphic diagnosis of, 125 
Hyporension, systemic, in dog; cerebral angiog- 
raphy in momentary cardiac arrest and, 485 
Hyporonie duodenography for pancreatic lesions; 
selective arteriography combined with, 398 
Hystericat abdominal proptosis, 275 


ILEUS, adynzmic, of colon indication for cecostomy 
(ab), 884 
IMAGING, positive, of liver tumors by delayer hepatic 
scintiscanning with acidic ionic indium 
11 3m chloride, 318 
IMMUNOGLOBULIN deficiency syndromes; small bowel 
In, 22 
IMMUvNoLocv and radiology (E), 426 
IxpiUM 113m chloride; acidic ionic, positive imaging 
of kver tumors by delayer hepatic scinti- 
scamning with, 318 
chloride scintigraphy in patients with myelo- 
fibrosis, use of (ab), 887 
Infant heart following infarction, myocardial cal- 
cification of; detected on chest roentgeno- 
gram; case report, 133 
INFANTS; new and unusual roentgenographic finding 
of fatty liver in, 159 
INraRcTION, renal, in sickle-cell trait; perirenal 
hematoma as complication of; case report, 
800 
INFARCTS, acute myocardial, with *™Tc (Sn) tetra- 
cycline; detection and sizing of (ab), 681 
IxrEeTIOoUs mononucleosis, transient malabsorption 
1n; case report, 241 
INFLAMMATORY pseudotumors of lung (ab), 680 
Infusion tomography of female pelvis, 299 
INTERNATIONAL Society of Radiology; report of 
committee on contrast media of (E), 195 
INTESTINAL amebiasis; radiologic observations on, 
257 
amebiasis; roentgen analysis of 19 cases includ- 
Ing 2 case reports, 246 
specimen roentgenography: three way correla- 
tion, 266 
INTESTINE, small; intraparietal hematomas of (ab), 
681 
INTRACRANIAL atypical teratomas, double midline; 
recognizable neuroendocrinologic syn- 
drome, 517 
calcifications in childhood; frequency of occur- 
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rence and significance, 495 
INTRAHEPATIC, Selective, portal venography, use of, 
and zz vivo coloration in planning segmental 
hepatic resection, 327 
INTRAPARIETAL hematomas of small intestine (ab), 
681 
INTRASELLAR arachnoid invagination; -o-existing 
pituitary adenoma and, 508 
INTRATHECAL radiogold, recent experience with, for 
medulloblastoma and ependymeblastoma; 
progress report, 75 
INTRAVASCULAR coagulation, disseminated; cerebral 
angiographic findings in, 477 
INVAGINATION, intrasellar arachnoid; -o-existing 
pituitary adenoma and, 508 
IRRADIATION, endocavitary, of early rectal cancers 
for cure; series of 123 cases (ab), 250 
of carcinoma of cervix of uterus; intestinal in- 
juries incidental to (ab), 224 
prophylactic cranial, in children with acute 
lymphoblastic leukemia; somno ence after 
(ab), 224 
protection of certain structures from high doses 
of, 103 
IsocENTRIC, integrated, diagnostic system for neuro- 
radiology, 648 


J^UNDicE, obstructive, relief of, through »ercutane- 
ous transhepatic catheter—new therapeutic 
method, 356 

JAUNDICED patient, angiography of; with emphasis 
upon angiographic appearance of biliary 
duct dilatation, 335 

J. Paul Medelman, M.D., 1905-1974 (E), 197 


KipNEY in children, multicystic dysplasia of; report 
of 45 cases (ab), 445 


LARYNGEAL injuries; tomographic roentgen examina- 
tion of (ab), 881 
LECTURE, CALDWELL, 1974, introduction to, 453 
significant symbiotic relationship, 455 
Lenz, Maurice, M.D., 1890-1974 (E), 199 
LESION, rare, in adults? is xanthogranalomatous 
pyelonephritis rare; review of 71 anatomo- 
clinical cases (ab), 444 
arterial, in  neurofibromatoss; 
graphic features of, 643 
cerebral; use of delayed brain scam in differ- 
entiating calvarial from (ab), 679 
extra-axial posterior fossa; anterior meningeal 
branch of vertebral artery in, £44 
orbital; arteriographic topography of, 507 
pancreatic; selective arteriography combined 
with hypotonic duodenography for, 398 
Leukemia, childhood; benign pneumatosis intest- 
inalis in, 150 
childhood, mimicking Sturge-Weber syndrome, 
cerebral calcification in; repor- of two 
cases, 52 
lymphoblastic, acute; somnolence after prophy- 


LESIONS, angio- 
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lactic cranial irradiation in children with 
(ab), 224 
LivER, fatty, in infants; new and unusual roent- 
genographic finding of, 159 
ncnparasitic cysts of (ab), 682 
palpable, significance of; correlation of clinical 
and radioisotope studies, 313 
tumors, positive imaging of, by delayer hepatic 
scintiscanning with acidic ionic indium 
113m chloride, 318 
Lose, occipital; roentgenographic analysis of arterio- 
venous malformations of, 538 
Lumar pedicle, aplastic hypoplastic, 639 
vertebrae; traumatic defects of pars inter- 
articularis of, 634 
Lune and chronic pulmonary disease treated by 
radiotherapy; clinical experience of patients 
with carcinoma of (ab), 450 
inflammatory pseudotumors of (ab), 680 
problems in isolated tumor-like amyloidosis of 
(ab), 219 
shock; concept of (ab), 216 
Lunes, hydatid disease of; roentgenologic study of 
50 cases, 692 
LympuHoceE Les following renal transplantation, 821 


MALAESORPTION, transient, in infectious 
nucleosis; case report, 241 
MaLrGsaNCY complicating evolution of Hodgkin's 

disease; simultaneous and successive neo- 
plasms; report of 18 observations of (ab), 
449 
distal irregularities of femur simulating, 180 
Maurice Lenz, M.D., 1890-1974 (E), 199 
MepeE.MaN, J. Paul, M.D., 1905-1974 (E), 197 
MENINGEAL, anterior, branch of vertebral artery in 
extra-axial posterior fossa lesions, 545 
MESENTERY; acute abdomen from benign solid 
tumors of (ab), 443 
METASPATIC pancreatic carcinoma; medial cecal 
defect associated with (ab), 443 
Mono UCLEOSIS, infectious, transient malabsorp- 
tion In; case report, 241 
Murat, secondary gastric, abnormalities simulating 
primary disease in isolated chronic left 
subphrenic abscess and isolated chronic 
pancreatitis, 413 
thickness, normal and abnormal, demonstration 
of; peritoneography, 281 
Myocarpiat calcification of infant heart following 
infarction; detected on chest roentgeno- 
gram; Case report, 133 
infarcts, acute, with ?""Tc (Sn) tetracycline; 
detection and sizing of (ab), 681 
regional, blood flow with Xe and Anger 
camera (ab), 883 
scanning agent; noninvasive regional myo- 
cardial perfusion scans at rest and exercise 
and comparison with potassium-43; rubid- 
1um-81: new (ab), 882 


mono- 
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(NCRP); National Council on Radiation Protection 
and Measurements, 201 

Narcotic abuse; pulmonary complications of, 733 

NaTIONAL Council on Radiation Protection and 
Measurements (NCRP), 201 

NEONATAL hepatic portal venous gas (HPVG); 
value of lateral abdominal roentgenogram 
in diagnosis of, 153 

NEOPLASMS, simultaneous and successive: report of 
18 observations of malignancy complicat- 
ing evolution of Hodgkin’s disease (ab), 449 

NEUHAUSER LECTURE, 1973; pediatric radiology and 
syndromology, 3 

NEnvE, facial; radiologic assessment of (ab), 679 

NEUROANGIOGRAPHY, percutaneous pediatric; ta- 
pered dilator in, 172 

NEUROARTHROPATHY, acute axial (ab), 448 

NEUROENDOCRINOLOGIC syndrome, recognizable; 
double midline intracranial atypical tera- 
tomas, 517 

NEUROFIBROMATOSIS and congenital heart disease, 
146 

angiographic features of arterial lesions in, 643 

NEURORADIOLOGY; integrated isocentric diagnostic 
system for, 648 

Nevuroroxiciry of x-ray contrast media; relation to 
lipid solubility and blood-brain barrier per- 
meability, 186 

NoNsvPHILITIC aneurysms, calcified, of sinuses of 
Valsalva, 783 


OcciPrTAL lobe; roentgenographic analysis of ar- 
teriovenous malformations of, 538 

Or CAT and other beasts (E), 659 

Ora cholecystography, telepaque; effect of chol- 
estyramine on, 333 

ORBITAL lesions; arteriographic topography of, 607 

OsTEOBLASTOMA, benign; radiologic considerations 
on 43 cases (ab), 446 

OsTEODYSTROPHY, renal; relationship to osteosclero- 
sis, osteitis fibrosa, and osteoid excess; 
periosteal new bone formation (periosteal 
neostosis) in (ab), 448 

OsTEOID tissue; pleomorphic carcinoma of urinary 
bladder containing (ab), 450 

““OsTEOMYELITIS-like lesions" and wooden splinter 
induced "pseudotumors," of bone and soft 
tissue, 176 

OsrEoPATHY, renal, signs of, seen on scout roent- 
genograms of thorax (ab), 884 


PALPABLE liver; significance of; correlation of clinical 
and radioisotope studies, 313 
PANCREAS; current aspects of ultrasonic scanning of, 
406 
Pancreatic disease; further appraisal; angiography 
evaluation of (ab), 886 
lesions; selective arteriography combined with 
hypotonic duodenography for, 398 
metastatic, carcinoma; medial cecal defect 
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associated with (ab), 443 
pseudoc vst; review of 17 cases with emphasis on 

radiologic findings, 385 

PANCREATICOSRAPHY, endoscopic retrograde; ex- 
pere nce with, 375 

PANCREATITE, isolated chronic; secondary gastric 
mural abnormalities simulating primary 
disezse in isolated chronic left subphrenic 
abse2ss and, 413 

PANCREATOG=APHY and peroral endoscopic chol- 
ang ography: surgeon’s helper (ab), 683 

PARAGONIMIA3IS, pulmonary, as seen in Nigeria; 
review based on one hundred cases; radio- 
logical findings in (ab), 216 

PARA-OSTEOA2THROPATHIES in paraplegics; study 
of (ab), 447 | 

PaRAPLEGics: study of para-osteoarthropathies in 

(ab). 447 
INTERARTICULARIS of lumbar 
traumatic defects of, 634 

ParHoLocic, clinical and roentgenologic features; 
feta. aspiration syndrome, 9o 

PaTHOPHYSICOGIC mechanism for ventricular entry 
of rzdiopharmaceutical and possible rela- 
tion to chronic communicating hydro- 
cephalus, 38 

Peck, Willis Seaman, M.D., 1900-1974 (E), 662 

PEDIATRIC neuroangiography, percutaneous; tapered 
dilator in, 172 

radiology and syndromology; Neuhauser Lec- 


ture, 1973, 3 
PEDICLE, lumbar, aplastic hypoplastic, 639 


PEG “Waves,” 571 
PELvIs, fema 2; infusion tomography of, 299 
Peptic ulcer -1sease in transplant recipient (ab), 681 
PERCUTANEOLS aspiration of abscesses; ultrasoni- 
caly guided, 308 
pediatric neuroangiography; tapered dilator in, 
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Pans vertebrae; 


pulmonary needle biopsy; report of 350 pa- 
tients, 758 
renal infarction; therapeutic (ab), 445 
therapeutic, embolization in intractable epi- 
stax:3 (ab), 449 
transhep-tic catheter, relief of obstructive 
jaurdice through; new therapeutic method, 
35e 
PERFUSION patterns, pulmonary, in children with 
tetralogy of Fallot; evaluation of, 119 
PERIOSTEAL new bone formation (periosteal neos- 
tosis in renal osteodystrophy; relationship 
to csteosclerosis, osteitis fibrosa, and os- 
tecid excess (ab), 448 
PERIRENAL hematoma as complication of renal in- 
farc* on in sickle-cell trait; case report, 800 
PERITONEOGRAPHY; demonstration of normal and 
abnecmal mural thickness, 281 
PHARMACOANCIOGRAPHY with angiotensin (ab), 449 
PHENYLKETOXURIA, maternal; cranial grcwth re- 
tardstion from, 33 
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PiNEarL gland calcification, normal, incidence of, in 
skull roentgenograms of black and white 
Americans, 503 

PITUITARY adenoma, co-existing, and intrasellar 
arachnoid invagination, 508 

PNEUMATOSIS intestinalis, benign, in childhood 
leukemia, 150 

PNEUMOCEPHALUS, traumatic (ab), 679 

PNEUMOCONIOSIS; inter-reader variability in classi- 
fication of type of small opacities in chest 
roentgenogram, 740 

Pneumonia or stridor, (esophageal fore gn body); 
elusive and often unsuspected cause of, 80 

PNEUMOPERITONEUM; fat under diaphragm simulat- 
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VACUPAC 


The Vacuum Cassette System : 
for low cost, low dosage 
Mammography. 
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THE REASONS: 





e Outstanding technical results (resolu- e Motion unsharpness almost eliminated 
tion in excess of 10 line pairs per e Lengthens tube life 
millimeter) e Simplified loading procedure 

e Greatly reduced exposures (by 85% e Lightweight reusable cassettes 
in some instances) e Absolute film screen contact 


THE MECHANISM: 


N 
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THE COST: 


$325.00 complete with 12 8x10 reusable cassettes and vacuum pump. 10x12 also available. 


In stock at your local dealer or contact: 


E-Z-EM “System of your choice" 


111 Swakm Street, Westbury, New York 11590 (516) 333-8230 


International Affiliates: E-2-EM Rooster RB V Infirmeriestraat A-R Rotterdam 1R Nothorlomalte 





















A superb neuroradiological unit. Patients 
involved in these types of examinations are 
the most cifficult to handle. The unique 

design of NEUROCENTRIX affords the Capability 
of performing all routine skull examinations, 

As well as all special neuroradiological 
procedures. In an easier, more efficient manner, 
with total patient comfort and safety. 


Isocentric centering on the area of investigation, 


regardless :of patient position or angulation. 
Increased image quality with the MINIMAX 
“see-through” film changer...roll film in, 
cut film our, Bi-olane option. Variable SID for 
magnification techniques. Integrated 
chair and ‘able top...easily interchanged. 
And Tomography. 
Your salesman has all the details. 


Our system 
includes you. 





CGR MEDICAL CORPORATION 


CGR CANADA L'EE-LTD. 


i Y j Y/^N/7 
ks TT JC) 









St a, 
Me iN —. 


SS 


EM 





A new heavy duty x-ray tube system that 


* keers track of anode disc temperature at all times 

e force cools the tube housing 

e prevents heat storage overload ¥ 

¢ surpasses BRH standards for rayproofing 

The workload in a busy x-ray department can easily shorte™ 
the life of an x-ray tube unless you do something about the 
build-up of heat. Machlett makes it easy — with the new Sys- 
tem 70. LI: includes: 


A new Pynamax 70 housing with optical window through 
which an infrared sensor watches the anode temperature. 
A remete electronic indicator lets you know how hot it is— 
how nauch more work you can do. Also tells you when to 
stop. 

An external heat exchanger that air cools the oil which con- 
tinuously circulates through the tube housing. Will remove 
up to 25,000 heat units per minute. 


Even though you don't have a problem, you'll still want to 
know abcut the Dynamax 70 housing and its family of insert: 
.. . direct replacements for Dynamax 60 or equivalent tu čs 
most equipment. 

Ask vour x-ray dealer— or contact Machlett Laboratories, 
Inc., a subsidiary of Raytheon Company, 


1063 Hope Street, Stamford, MACH LET 


Canrectwut (066907 Tel (003) 348-7511. 
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The 3 hour darkroom. j. Theg3: NS darkroom. 
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When it comes, the Xonics 
Electron Radiography 
System can mean unheard 
of convenience. 


Because there will be no 
need for a darkroom. For 
special plumbing or 
chemicals. The sheets 
develop inside the unit in 
60 seconds. 


Because ERG uses a 
polyester sheet, not silver e. — ) 3 ERG: 
halide film, each exposure * SEANING 
will cost less. And the image 
resolution is sharper and 
more revealing than ever 
before. With less x-ray 
dosage. 


The Xonics ERG System. 
It'S coming. 
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XONICS, INC. 

2080 Stonington Ave. 
Hoffman Estates, ILL. 60172 
Telephone 312 884-9300 








Neurovascular 
Configuration 


Special procedures used to 
dictate the purchase of 
separate tables. 


But the Memco X-TAB 
Table System lets you 
select a single base, plus 
one or more of four 
table top options. 


The X-TAB system 
offers flexibility 
without com- 
promise. With all 
the desired state-of- 


the-art features for each — — — 


individual configuration. 
an excellence in cor struc 
that is a Memco and Xor ics 
trademark. TN 


The X-TAB Table System. 
A Memco example of the 
standard of quality that 
Xonics will continue to offer 
you. For complete informa- 
tion, write: 


MEMCO, INC. 

Subsidiary of Xonics. Inc. 
2080 Stonington Ave. 
Hoffman Estates, IL 60172 
Telephone 312-884-9300 
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Peripheral/Long Bone 
Study Configuration 


Top Transfer Cart 
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Bind Your 
Journal Issues 
Into Valuable 
Vigilant Volumes 





Pertinent information you sometimes desperately need is 200 often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annua! volumes 
—then your reference source is always complete, c:gar zed and 
instantly at your service. We call them "Vigilant Volumes''; they 
so carefully store and provide on instant notice so much knowl- 
edge of timely value. 


The cost per ''Vigilant Volume." by official commission om the 
journal publishers is but $5.95 per volume, permanently haed bound 
in washable buckram, gold embossed with period dates journal 
name and special insignia—plus your name stamped in gold leaf. 
"Vigilant Volumes'' are handsome library additions too, seal con- 
versation pieces. These volumes are bound in the authorized colors. 


HOW TO ORDER 
Simply ship your journal issues to us via parcel post, together with 
your name, address, AND REMITTANCE. at $5.95 per volume. 
Within 45 days after receipt, bound volumes will be shippec to you. 
Price subject to change without notice. Please remit 50« pe: volume 
for return transportation and handling. 


PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Authorized Binders of AH Journals) 
4440 W. Roosevelt Rd. 
Chicago, Illinois 660524 











In reply to advertisers please mention 


that you saw their advertisement in 


THE AMERICAN JOURNAL OF 
ROENTGENOLOGY, 
RADIUM THERAPY 


AND NUCLEAR MEDICINE 


CHARLES C THOMAS PUBLISHER 


Springfield - Illinois 





IMPORTANT! 


OBTAIN MAXIMUM 
MARKET PRICES... 
from the nation’s 
largest buyer of 
used x-ray film... 


donald 
Elroy 


INC. 
36 years of integrity 
we purchase all brand and sizes of used x-ray 


film from anywhere in the United States ... and 
we pay &he freight cost. 


we pay n advance if requested, or immediately 
upon the receipt and weight evaluation of your 
shipment. 

our maximum market prices are gauged by the 
metals market and are adjusted continuously to 
reflect full value. 


we offe. 12-month, cumulative Incentive Pay- 
ment Banuses for consistent shipments of used 
x-ray film. You reduce storage problems, earn 
highest weight increment prices. 


write for—your computerized, up- 

to-the-hour Quotation for Purchase 

Plan that assures you of our 
pledge to give .. . Maximum 
Market Prices. 


DONALD McELROY, INC. 
2730 commonwealth ave. 
north chicago, illinois 60064 


Please send me COMPLAN TODAY. 
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Breast Caneer: Thickened B 


Among the many roentgen manifestations of breast lesions, 
none are more easily misinterpreteditnan the thickened skin or punc- 
tate calcifications seen in cancer. By themselves, they are not pa- 
thognomonic. But as a link in a cha'n of clinical evidence, they often 
prove invaluable. 

Skin thickening may be foca zr diffuse. As a rule, the thick- 
ened skin is the result of lymphetic obstruction. Occasionally, it 
may be invaded directly by the primary growth. 


Figure |—Inflammatory 
Carcinoma 

A. Craniocaudal View: The 
skin of the breast is markedly 
thickened at (a) and fades very 
perceptibly toward (b). Clini- 
cally, the patient complained 
of a hot, painful and swollen 
breast (peau d’orange), due to 
grade 4 scirrhous adenocar-~ 
cinoma. 


B. The same patient’s contra- 
lateral breast was normal. 


Figure Il—Nipple Retraction i 
Congenital and Malignant (Bi- 
lateral nipple retraction since 
childhood.) 

A. Craniocaudal View: The 
large carcinoma (a) has in- 
vaded the nipple (b) and skin 

(c). 


B. Normal contralateral breast 
reveals the congenitally in- 
verted nipple (arrow); the skin 
is normal. 





Radiographs and caption material from the American 
College of Fadiology—An Atlas of Tumor Radiology 
—Yearbook Medical Publishers, Inc. Reprints of this 
and subsecuent reports available upon request. 
Please write Eastman Kodak Company, Dept. 740, 
Radiography Markets Division, Rochester, N.Y.14650. 


Figure IIlI—Multicentric 
Carcinoma 

Craniocaudal view reveals a 
cluster of grade 3 scirrhous 
adenocarcinomas (arrows) 
with focal skin thickening (a) 
immediately adjacent to the 
largest lesion (b). 


Figure IV—Carcinoma with Lo- 
calized Skin Thickening 
Mediolateral view reveals alim- 
ited area of skin thickening (a) 
due to the primary scirrhous 
adenocarcinoma (b) demon- 
Strated well below skin level. 
Note the two prominent ves- 
sels (c) which could be dilated 
lymphatics. 


Quality, confidence and performance. Words that mean 
a lot to us at Kodak. 

We believe in quality products . . . because we feel that 
when you see the name Kodak you should expect the kind of 
reliability that comes from years of experience in medical 
radiography. 

We're confident that the Kodak x-ray film you choose will 
do the job you want it to. And de it well. And also zhat you can 
be sure of getting the right film for the right job . . . whatever 
it may be. 

And we're always looking for new ways to enhance the per- 
formance of all our products. That’s why we worked to develop 
the KODAK X-OMATIC Films which offer you a new approach 
to improved image quality. And they provide the timesaving 
advantages of automatic 90-second processing. 

We'd like to help you. Contact your local 
Kodak Technical Sales Representative for more 
information, or consult your medical x-ray prod- 
ucts dealer. 
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A commitment to quality. 
















The symbol you see in 
the center of this page is the 
new mark of The Advertising 


execute these campaigns. 


networks and local 


Council. stations, news- 
It was made to identify the papers, business 
orp public publications, 


service ad- 
vertising 
campaigns 

provided CO 


consumer maga- 
zines, outdoor and 
transit media make their 
mark. By donating the space it takes to run them 





scores of worthwhile or- on the air and in 
ganizations. m oe print. 
Through these Ad- -" ERRIBLE - WASTE. Concerned 
E reheat (QU " EU S 


| i vertisingC oun- 

cil campaigns, the men and women of the 
American businessand communications I 
community | 
are working 
to make their 
mark onf£E 


corporations make 
their mark. By do- 
nating the cash con- 
tributions it takes 
for The Advertising Council to coordinate all 
B these resources and focus them where they are 
most urgently needed. 
America’s In short, every time The Advertising Council 
future. © stamps its new mark on public service advertising, 
Creative and marketing experts at adver- a lot of people make their mark. 









A 
rj ^ 


tising agencies make their H id s And that mark counts 
mark. By donating the serv- 4 x you like to for a lot. 
ices it takes to plan and signthe work you do? 
: A Public Service of 
| l i ‘$ This hacan & 
a l america; R only won The Advertising Council 





ux 





Television/radio | Diagramofa 
abuser 


CHARLES C THOMAS - PUBLISHER 





THE BIOLOGICAL AND CLINICAL BASIS OF 
RADIOSENSITIVITY edited by Milton Fried- 
man, /nstituto Regina Elena, Rome. Italy. (35 
Contributors) To reduce the gap between labora- 
tory and clinical schools, authorities from the 
fields of radiobiology, radiation pathology, pre- 
clinical radiobiology and experimental clinical 
radiotherapy are asked to relate their investiga- 
tions to the common denominators of radiosensi- 
üvity and chemosensitivity. The pertinent is 
clarified, the unproven is defined and irrelevant 
concepts are eliminated. Topics discussed include 
changes produced by irradiation at the molecular 
level, recovery from irradiation, factors like DNA 
strand breaks which can influence radiosensitiv- 
ity, and clinical concepts of radiosensitivity such 
as tumor lethal dose. 74, 592 pp. (7 x 10), 373 
il., 67 tables, 849.50 


ROENTGEN EXAMINATIONS IN ACUTE AB- 
DOMINAL DISEASES (3rd Ed.) by J. Frimann- 
Dahl, Ulleval Hospital, Oslo, Norway. This new 
Third Edition is completely revised with one 
hundred and thirty-three new black and white 
illustrations and two new color illustrations. 
Principally concerned with roentgen anatomy of 
the abdomen, the unusual and normal variations 
in the diagnosis of the most important acute 
abdominal diseases are also covered. This book 
will be a valuable information source for these 
specialists in emergency medicine to have close at 
hand. 74, 632 pp., 614 il. (4 in full color), 
$29.50 


THE ROENTGENOGRAPHIC DIAGNOSIS OF 
DISEASES OF THE THORACIC AORTA bv 


Steven H. Cornell, The Univ. of lowa College of 


Medicine, Iowa City. Current knowledge about 
plain film and angiographic diagnosis of lesions 
of the thoracic aorta is brought together for the 
first time in one volume. Techniques of roentgen- 
ography, fluoroscopy and catheter aortography 
are described in detail. Patient preparation, anes- 
thesia, methods of catheter insertion, catheters in 
current. use, contrast media, image recording 
methods, and post aortography patient care are 
thoroughly discussed. An entire chapter is de- 
voted to the discussion of complications, their 
prevention and management. 75», 292 pp., 220 
iL, $15.75 


—  ————— A 0] yr with remittance sent, 


301-327 East 


Lawrence Avenue ^ 


COMPLICATIONS OF DIAGNOSTIC RADIOL- 
OGY hi John F. Weigen, Palo Alto Medical 
Clinic, Falo Alto, California, and Sydney F. 
Thomas, Chico, California. This text evaluates 
examinaton study hazards, and will help the 
physician to anticipate, recognize and treat the 
complica ions that may occur. It includes only 
those sta ements that are either documented or 
supportec by the experience and judgement of 
recognize 1 experts. Organic iodides play a role in 
most of the radiologic examinations that have 
the potential to threaten life or health. A review 
of their ohysiologie and pathologic actions is 
presented in the initial chapters, while the 
complicat ons of specific examinations are con- 
sidered in the chapters that follow. '73, 576 pp., 
&1 il., 5» mables, $25.75 


THE FUNDAMENTALS OF RADIOLOGICAL 
SCIENCE ^v John Hale, Hospital of the Univ. of 
Pennsvivar ia, Philadelphia. Training programs in 
radiology have recently been restructured in that 
the subjec: matter is now being divided into the 
(Wo areas of basic radiological science and 
clinical apolications. This text is devoted to the 
first area o` basic radiology and the fundamentals 
of mathematics and physics common to all 
specialities Chapters on such subjects as radia- 
lion-produeing machines or interaction of radia- 
tion with natter are offered. With the rapidly 
evolving technology in clinical application, stu- 
dents shou d have an understanding of the basic 
principles of radiology found in this text. 74, 
356 pp., 172 il., 3 tables, $14.75 


MODERN THIN-SECTION TOMOGRAPHY ed- 
ited by Arnold. Berrett, New York Medical 
College, New York; Sam Brunner, Gentofte 
Hospital, Cc penhagen, Denmark; and Galdino E. 
Valvassori, «niv. of Ilinois, Chicago. Foreword 
bv Solve Welin. (2/ Contributors) Contains 
chapters on the history of tomography and the 
physical prir ciples involved, as well as a descrip- 
tion of many of the machines employed. Numer- 
ous sections dealing with tomographic anatomy 
and technical factors follow with a description of 
the clinical applications of the method in various 
parts of the »ody. 75, 352 pp. (7x 10), 496 iL, 
l7 tables, $25.50 
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What Philips Modular Generators 
can do for you is your choice. 


The principle is Modularity. With it, Philips offers eco- 
nomic and professional possibilities never before 
avaiable in one family of X-ray generators. 


© Mocularity. With it, you have choices: 
The Choice of Which: Philips’ full line of modular 
generators ranges in power output from 50kw/125kV/ 


ur ar Mec eMe 10ms to 150kw/150kV/1ms. Within that range is a 
generator to meet your needs now and years from now. 


The Choice of What: Each control-panel module 
perorms specific functions. You select the capabil- 
ities (the modules) and virtually customize your gen- 
era cr. With module additions or substitutions, the sys- 
tem ean be adapted or extended to meet future needs. 
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The Chcice of How Many: One Philips modular gen- 
erator becomes a full time-sharing program whenever 
you're ready. Simply add Philips Duplex and/or 
Philips APR control panels to the base generator. The 
combination will operate up to six different auxiliaries. 


The Sensible Choice: Add the unprecedented econ- 
omy of plug-in installation and rapid service, and 
Philips modular generators become the sensible 
choice. The only choice. For optimum economy and 
efficiency. For maximum space utilization. For vastly 
improvec patient handling. 


Philips modular generators. The choices grow on you. 





The Choice of How: Modularity means flexb lity. 

Maximum options. So how you use a Philips mcdular 
enerator is up to you. In radiography, choose from Tn i 

E different operating modes. Or from up to 4€ pre- Write for additional Information. 

set exposures for Anatomically Programmed Radiog- PHILIPS MEDICAL SYSTEMS, INC. 

raphy (Philips APR). In fluoroscopy, all options lead A NORTH AMERICAN PHILIPS COMPANY 

to the quality imaging you expect from Philips. 710 Bridgeport Avenue, Shelton, Conn. 06484 
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Looking for an investment with growth possibilities ? 


When you invest with us, your money doesn't lie idle. 


We're the United Way, supporting thousands of community agencies aimed 


f 
at helping people. And we're into a lot of things with great long-term 
futures. 


Such as helping kids to grow up straight. Making it possible 
for the helpless to help themselves. 

If you like the sound of the dividends, come on in. There's still plenty 
of room on the ground floor. Give the United Way. 


E. 
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"I Thanks to you - it's working. T The United Way 
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Wanted! 


700,000, 


busy executives 
who can: 





If you can spend some time, 
even a few hours, with someone 
who needs a hand, not a handout, 
call your local Voluntary Action 
Center. Or write to “Vo unteer,' 


Washington, D.C. 20013. 


We need you. 


The National Center for 
Voluntary Action. 
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Have you ever 
wondered 
Why the 








National Safety 
Councils logo 
Is green? 





Since employees' traffic 
accidents cost employers one 
billion dollars a year in lost 
time and production, our color 
has taken on a new meaning; and if 
you're in business, you've probably 
guessed why... right, it's money, 
But more important than money 

it's life, 

The National Safety Council 
can help your business save both of 
these. By completing your 
employees' training with the 
Defensive Driving Course you'll be 
saving the lives of valuable 
employees and gaining better 
employee and public relations. Your 
business will profit in both Ways— 
saving lives and money. Since 85% of 
all traffic accidents are preventable, 
isn't it worth looking into. 


Sponsor the National Safety 
Council's Defensive Driving Course 
... for a better business, all around. 
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Special Projects — Public Information 
National Safety Council 

125 North Michigan Avenue 

Chicago, Illinois 60611 


Please send me full details on 
the Defensive Driving Program. 


| 
| 
| | 
| l 
| | 
| | 
| I am interested for: a ba Le emet: | 
| A civic Organization or club : x | 
| Number of employees | 
| My du eg | 
| | 
| Name 

ELI ae 
| Title 

| 

| | 
| | 
| I 


Firm or Organization 
———————— 

Address 

City 


A New Clinac’ 
with Proven Performance 





The expertise gained from six years of experience with the Clinac 4 has now 
been channeled into a new design. The result is our new Varian Clinac 45, a 
therapy machine with superb human engineering and performance features. 


The extended vertical travel of the Clinac 4S allows the therapist to treat at a 


comfortable patient height level with larger fields than could previously be 
achieved. 


In a room with a 10 ft. ceiling, the maximum square field size at a patient's skin 
40" from the floor, is 58 x 58 cm. 


Complementing the extended vertical travel, 
the hand-held pendant permits fast, conve- 
nient setups of all treatment parameters at any 
gantry position, high or low. An illuminated 
read-out panel displays gantry and collimator 
positions, and provides accurate visual verifi- 
cation, regardless of gantry position. 


Electrically, the Clinac 4S is similar to the 
Clinac 4, providing the well-known dependa- 
bility of the Clinac 4 beam: high and constant 
output, excellent beam definition and favora- 
ble depth dose. The Clinac 45 collimator de- 
sign is identical to that of the Clinac 4, making 
proven Clinac 4 accessories such as wedaes, 
shadow tray, and front pointer system availa- 
ble to the Clinac 4S owner. 


Call or write for more information. Varian 
Radiation Division, 611 Hansen Way, Palo 
Alto, CA 94303. Phone—415-493-4000. 
World-wide sales end service. 


(A) varian 
radiation division 


The Varian Clinac 4S 
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Photographed at Mayo Clinic, Rochester, MN. 





Your Heart Association 


can help 
you 


help your 
patients 


Contributed by the Publisher 


Your patients and their families might have questions about the 
heart and blood vessel diseases. Your Heart Association has 
prepared a variety of pamphiets to assist you in answering their 
questions in simple non-tec hnical language. 


Produced under the guidance of leading cardiovascular spe- 
cialists, these pamphlets deal with such subjects as heart attack, 
stroke, hypertension, rheumatic fever, congestive failure, inborn 
heart defects, varicose veins and other disorders. There are also 
pamphlets advising ON risk factors related to heart attack. 


Booklets on therapeutic sc dium-restricted or cholesterol-lower- 
ing diets are also available on a physician's prescription only. 


Ask your local Heart Association for a catalogue listing all these 
free materials and order a supply. 


American Heart 
Association 


44 EAST 23rd ST., NEW YORK, N.Y. 10010 





THERMOGRAPHY is recognized for early 
detection of breast cancer, 


THERMOGRAPHY is important in tie di 
of orthopedic problems, vascular disor 


inflammatory conditions and other di 


AGA THERMOVISION'"is used in more ho pitals 
around the world than the next two 
thermographic systems combined. 


please turn the page 








Onl 
Offers 


AGA Thermovision 
these unique features: 





4 Fast High Speed Scanning. 
For continuous dynamic 
image presentation. 


= Isotherm Function. 
Mapping heat patterns 
within .1C. 


© Color Monitor. 
Essential for observation 
of thermal transients. 


+ Interchangeable Optics. 
For variable field of view. 





This 12-page brochure 
gives you detailed information 
on AGA Thermovision and 
Medical Thermography. 





AGA Corporation, 550 County Avenue, Secaucus, N.J. 07094 
phone (201) 866-3344 


C] Please send me the AGA Thermovision brochure. 


c] Please phone me to arrange a personal discussion or demonstration. 











address 








i, ARR state | Zipcode. 
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telephone. 
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Futility and frustration beset the phy- 
Sician confronted with breast carcer. 
For the last 35 years, the survival rate 
has not significantly changed despite 
intensive educational programs 
aimed at earlier detection, and im- 
provement in treatme 


Whatistheoutlook? 


We know the key to re- Bis ; 


ducing mortality from 


breast cancer is in the ! M 

earliest possible diag- i IU 
nosis. The stage at 47N 
which breast cancer iilis 


is detected is crucial 
to the outcome of 
treatment. By the time 
a lump is discovered 
through BSE or clini- 
cal examination, criti- 
cal time may have 
been lost. 

And we do have 
the means to achieve 
earlier diagnosis. We 
do have an earlier 
Warning system. 


Mammography and t 
can detect breast ca 


lump is discernible 


To demonstrate tha 


tical and feasible to 


nt techniques. 


ncer before a 
by palpatior. 
t it is prac- 
detect breas- 
cancer earlier by using these modal- 
ities, the American Ca 
and the National Cance 
funding a network of breast cancer 9 


Breast Gancer- 
BP warning system 


demonstration projects. Supported by 
grants of $2-million from the ACS and 
$4-million from the NCI, 20 such cen- 
ters are expected to be operative 
across the country by the end of the 

year. Each will screen at no charge, 

approximately 5,000 women an- 
meets nually, in what is 
i $ considered to be the 
Bi ideal detection pro- 
gram — to include 
clinical examination, 
F | | mammography and 

we Win. thermography. Each 

» sal Z " of these detection 
methods contributes 
| independently to the 

^ detection of breast 
Jg Cancer, and none can 
; be dispensed with in 
the search for early 
disease. 

At present we can- 
€ not prevent breast 
cancer, but the poten- 
tial for saving more 
permet, ! " lives is immense. The 
hermograpny five-year survival rate changes dra- 
matically from 53% when axillary 
nodes are positive, to 85% when 
the disease is localized, to nearly 
100% for in-situ cancer. 

We have an earlier warning sys- 
tem. Let's use it. 


american cancer society 
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Dut we can't consider that a challenge. 


After all, it's that type ot competition that made 
Agta-Gevaert the world's second largest manufacturer of medical 
x-ray films. 


It's that type of competition that made Agfa-Gevaert 


a leader in developing innovative products designed to keep pace 


with the rapidly changing demands of radiology. 

And it's that type of competition that makes us just 
a little bit better than the other two. Better in personal service... better 
in delivery capability...and better. maybe, in price, because we sell 
Agfa-Gevaert film direct 

So, if you think it's two against one, think again. Maybe 
it's one against two 


Agfa-Gevaert, for a lot of reasons i Coa 


X-RAY 





A Division of IPCO Fe spital Supply Corporation 


XO Columbus Avenue. Valhalla, NY 10595 (914) 76€-5900 


Yes... 


youre 
a candidate 
for Heart Attack 


You can reduce your risk by 

e Notsmoking cigarettes, 

e Eating foods low in animal ‘ats and cholesterol, 
e Reducing if overweight, 

e Exercising regularly, moderately, 

e Controlling high blood pressure, 

e Seeing your doctor regula ly, 


and by supporting 
grams of researc 


Service. 


GIVE 


so more 
eee live 


HEART FUND 


your Heart Association's pro- 
h, education and community 
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How ‘automatic’ is 
a processor if it needs to 
be cleaned every day? 


Picker's Diplomat™ 2000 cuts 
cleaning downtime to once a week. 
And since it produces 305 14x17” 

films or 525 8x10” films per hour, 
you cut costs, too. Radiograph 
quality? The best. Without 
"dryer patterns” or "hesitation'' 
marks or bothersome 
Crossovers. 


$ E a 
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Before you buy any processor 
look into the new Picker Diplomat 
2000. I: has the highest performance 
capability and the lowest price 
teg of any similar unit. Write 
Picker Corporation, 
Corporate Headquarters, 
595 Miner Road, 
Cleveland, OH 44143. 
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We try to present an accurate index. Occesionally this may not 


be possible because of a last-minute change or an omission. 


